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(54) BLOCK COPOLYiVIER, COMPOSITION THEREOF, AND FILM MADE THEREOF 



(57) It is to provide a block copolymer and Its copol- 
ymer composition which provides a heat shrinkable 
(multilayer) film with less spontaneous shrinkage while 
maintaining favorable low temperature shrinkability. and 
a heat shrinkable (multilayer) film containing the block 
copolymer. 

By using a block copolymer comprising a vinyl aro* 
matic hydrocarbon and a conjugated diene character- 
ized in that the relation of the loss tangent value ob- 



tained by dynamic viscoelasticity measurement with the 
temperature satisfies specific conditions, or a composi- 
tion containing the copolymer composition as an essen- 
tial component, a heat shrinkable (multilayer) film with 
less spontaneous shrinkability and less odor while main- 
taining favorable low temperature shrinkability can be 
obtained. 



CO 

o 

CO 
CO 
CO 



0- 
UJ 



Printed by Jouve. 7S001 PARIS (FR) 



EP 1 333 043 A1 

Description 
TECHNICAL FIELD 



5 [0001 ] The present invention relates to a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene, 
having favorable transparency and impact resistance, and being excellent in film fonmability Into a sheet or a film, and 
a resin composition containing it. 

Particularly, it relates to a block copolymer comprising a vinyl aromatic hydrocarbon and a conjugated diene, useful 
as a material for production of a heat shrinkable film, which has favorable shrinkability when used as a heat shrinkable 

10 film and which has low properties such that the heat shrinkable film slightly shrinks at a temperature of the shrinkage 
Initiation temperature or under (hereinafter referred to as "spontaneous shrinkage") as compared with a conventional 
one, whereby shearing or distortion of printing caused by the spontaneous shrinkage or wrinkles at the time of shrinkage 
may further be suppressed, a polymer composition composed mainly of It, and a heat shrinkable (multilayer) film com- 
posed mainly of such a block copolymer and/or another polymer composition. 

15 [0002] In the present invention, a membrane-like body having a thrckness of at most 0.2 mm is referred to as a film, 
and one having a thickness exceeding 0.2 mm Is refen^ed to as a sheet 

BACKGROUND ART 

20 [0003] It is known that when a vinyl aromatic hydrocarbon and a conjugated diene are subjected to block copolym- 
erization by living anionk: polymerization in an organic solvent using an alkyi lithium as an initiator, the structure of the 
copolymer can be diversified by a method of e.g. changing the weight ratio of the vinyl aromatic hydrocarbon to the 
conjugated diene or changing the manner of addition, whereby block copolymers having various physical properties 
can be obtained. In general, a block copolymer is a polymer having excellent impact resistance and transparency. If 

25 the content of the conjugated diene in the block copolymer is large, the copolymertends to be a themioplastic elastomer. 
On the other hand, If the content of the vinyl aromatte hydrocarbon Is large, the copolymer tends to show characteristrcs 
as thermoplastics. To utilize such excellent characteristics, various production methods have been disclosed, for ex- 
ample. In JP-B-36-19286 and JP-B-48-4106. 

[0004] The block copolymer comprising a vinyl aromatic hydrocarbon and a conjugated diene produced by these 
30 methods has a high transparency and favorable moldability, and therefore as disclosed in JP-B-63-49702, a heat 
shrinkable film having such characteristics that It shrinks in a short time at a temperature of at least the shrinkage 
initiation temperature, while It keeps the original shape at room temperature, can be obtained by using the resin as a 
raw material. This heat shrinkable film is produced by carrying out a processing operation wherein the resin extruded 
into a plate shape or a tube shape at a temperature of at least the softening point of the resin Is oriented In a uniaxial 
55 or a biaxial direction to obtain a film, which is directly cooled to room temperature. By carrying out the series of process- 
ing operation including orienting, an individual molecule constituting the film is fixed as aligned in a specific direction, 
whereby the internal stress remains, and the heat shrinkable film Is a film utilizing the shrinking phenomenon caused 
by that the above-described residual stress is relieved by re-heating. 

[0005] Further, in addition to these excellent properties, It Is excellent in miscibillty with various vinyl aromatic hydro- 
40 cariaon polymers, and it is thereby used for reinforcement, which is disclosed, for example, In JP-B-45-19388, JP-B- 
47-43618 and J P-B-5 1-27701. However, such block copolymers and compositions are relatively transparent, have 
favorable impact resistance and their oriented films show heat shrinkability, whereby they are favorably employed as 
various heat shrinkable packaging materials and labeling materials for beverage bottles on which tradenames and the 
like are printed. Particulariy with respect to shrinkable labeling materials, as a result of Increase in demand for plastic 
45 bottle beverages in recent years, line speed in a labeling step has been increased year by year, and reduction of time 
required for labeling and shrinkage has been attempted, and accordingly a film which requires a short time for heating, 
i.e. a film which shrinks at a low temperature, has been desired. However, a conventional film for shrink labels has a 
high heat shrinkage Initiation temperature, and shrinkage at a relatively high temperature is required so as to obtain 
favorable shrinkage finish. 

50 [0006] Further, if the molecular structure or the composition fomiulation is set so that the film starts to shrink at a 
low temperature merely by a conventional method, the heat shrinkable film shrinks during storage (so-called sponta- 
neous shrinkage), thus causing printing slippage or labeling failure. As mentioned above, with respect to a film obtained 
by a conventional technique, no material having a balance among low temperature shrinkability and spontaneous 
shrinkage resistance, and outer appearance after shrinkage, has been obtained, and further, surface roughening may 

55 form on the film surface, thus impairing the outer appearance, in some cases. In JP-A-59-221 348 and Japanese Patent 
No. 3,026,497, It has been studied to blend a styrene-acrylate type resin to obtain a multilayer film, from the viewpoint 
of reduction of spontaneous shrinkage and improvement In low temperature shrinkability of a styrene-butadlene block 
copolymer. However, it is not satisfactory from the viewpoint of e.g. needs for low temperature shrinkability In recent 
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years and odor, and further, width of conditions at the time of orienting the film tends to be narrow, such being unsat- 
isfactory. 

[0007] It is an object of the present invention to provide a copolymer and its composition, capable of tonning a film 
which satisfies needs such as low temperature shrinkability in recent years, spontaneous shrinkage resistance and 
reduction of odor, and which is excellent in outer appearance, for application as e.g. a heat shrinkable film, and a heat 
shrinkable film and a heat shrinkable multilayer film made of said copolymer or its composition. 

DISCLOSURE OF THE INVENTION 

[0008] Under these circumstances, in order to overcome the above problems, the present Inventors have conducted 
detailed and extensive studies on a block copolymer and a composition comprising it, suitable as a raw material of a 
heat shrinkable film capable of forming an oriented film, which provides less odor, which has favorable low temperature 
shrinkability, which is less likely to undergo spontaneous shrinkage, and which is excellent in outer appearance. As a 
result they have found that the above problems can be overcome by blending a block copolymer which satisfies a 
specific condition of the dynamic viscoelastlcity characteristics, particulariy the temperature dependency of the loss 
tangent value which shows a state of the block copolymer becoming softened. The present invention has been ac- 
complished on the basis of this discovery. 

[0009] The present invention may be classified into a block copolymer (A) according to Claims 1 to 4 and a compo- 
sition containing at least two types of the different block copolymers (A) according to Claims 5 to 7 as a first Invention, 
a composition containing the block copolymer (A) and a vinyl aromatk: hydrocarbon polymer according to Claims 8 
and 9 as a second invention, a composition containing the block copolymer (A) and a block copolymer (A2) according 
to Claims 1 0 to 13 as a third invention, a composition containing the block copolymer (A) and a block copolymer (A3) 
according to Claims 1 4 to 1 7 as a fourth invention, a film or sheet made of the block copolymer (A) or the composition 
according to Claims 18 to 31 as a fifth Invention, and a method for producing the block copolymer (A) according to 
Claims 32 and 33 as a sixth invention. 

[0010] First, the block copolymer (A) and the composition containing at least two types of the different block copol- 
ymers (A) as the first invention will be explained below. 

[0011] The block copolymer (A) of the present invention is a block copolymer (A) comprising a vinyl aromatic hydro- 
carbon and a conjugated diene, wherein the relation of the loss tangent value obtained by dynamto viscoelastlcity 
measurement to the temperature satisfies (1) there Is at least one maximum value within a temperature range of from 
60 to 1 1 0^*0, (2) the value of loss tangent at a temperature lower by 1 0**C than the lowest temperature for the maximum 
value is at most 40% of the highest maximum value, and (3) the value of loss tangent at a temperature lowerby 30**C 
than the lowest temperature is at most 10% of the highest maximum value. 

[0012] Further, In the relation of the loss tangent value obtained by dynamic viscoelastlcity measurement of the block 
copolymer (A) to the temperature, the highest maximum value of the loss tangent value in a temperature range of from 
60 to 110^*0 Is preferably within a range of from 0.5 to 4.0, and the loss tangent value at 30*^0 Is preferably within a 
range of at least 0.01 and less than 0.4. 

[0013] The weight average molecular weight (Mw) of the block copolymer (A) of the first invention as measured by 
gel pemneation chromatography (GPC) is preferably within a range of 100,OOO^Mw^300,000, more preferably 
1 20,000^ Mw^250,000, most preferably 1 60,0OO^Mw1 ^220.000. If Mw Is less than 1 00,000, strength of the obtained 
copolymer may not satisfactory for practical use In some cases, and If it exceeds 300,000, the great force tends to be 
required when it is formed into a sheet or film, and it tends to be somewhat difficult to obtain a favorable product. 
[0014] Further, it is preferred that the molecular structure of the block copolymer (A) is represented by the following 
fomnula, Its weight average molecular weight is from 100,000 to 300,000, and conditions (a) to (c) are satisfied: 

X-(Y-X)n 

wherein n Is an integer of at least 1 : 

(a) X is a block having a chain comprising one type or at least two types of vinyl aromatic hydrocarbons. 

(b) Y is a block containing at least one random copolymer segment of a conjugated diene and a vinyl aromatic 
hydrocartDon, each being of one type or at least two types, having a weight average molecular weight of from 
40.000 to 250,000, and 

(c) when a molecular weight distribution of a polymer mixture comprising a vinyl aromatic hydrocarison obtained 
by ozonolysis of the block copolymer is measured, the relation between the weight average molecular weight (Mw") 
of the polymer component showing the highest peak and the weight average molecular weight (Mw) of the block 
copolymer before the treatment is 0, 1 ^ M wVMw^O.4. 
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[0015] Block X may be obtained by polymerizing one type or at least two types of vinyl aromatic hydrocarbons, and 
it may be either a polymer block comprising a single vinyl aromatic hydrocarbon or a copolymer block comprising a 
plurality of vinyl aromatic hydrocarbons. Further, the structures, the compositions and the molecular weights of the 
plurality of blocks X, may be the same or different! The weight ratio of the block based on the whole is not limited, but 

5 It is preferably at least 2 wt% so as to later obtain strength as a molded product such as a film. 

[0016] Block Y is obtained by polymerizing a conjugated diene and a vinyl aromatic hydrocarbon, each being of one 
type or at least two types. With respect to block Y also, in a case where n In the molecular structural formula X-(Y'X) 
n is at least 1 , and a plurality of blocks Y Is present, their structures, compositions and the molecular weights may be 
the same or different in the same manner as block X. 

10 [0017] Copolymer block Y is required to contain at least one random copolymer segment of a vinyl aromatic hydro- 
carbon and a conjugated diene, having a weight average molecular weight of from 40,000 to 250,000. If it is at most 
40,000, no balance between favorable heat shrinkabilrty and spontaneous shrinkage will be obtained, and if it is at 
least 250,000, film fomriabilrty tends to decrease, such being unfavorable. The weight average molecular weight of the 
random copolymer segment can be obtained in such a manner that each monomer is added In the polymerization step, 

15 and a small amount of the copolymer solution is taken out from the polymerization reactor before and after the step of 
completely polymerizing the monomers, and the solutions are subjected to molecular weight measurement by means 
of a gel permeation chromatography (hereinafter referred to as GPC measurement), and the weight average molecular 
weights are compared. 

[0018] Further, In GPC measurement of the vinyl aromatic hydrocarbon polymer components obtained by ozonolysis 
20 of the block copolymer of the present Invention, the relation of 0.1 ^MwVMw^G.4 is built up between the weight average 
molecular weight (Mw") corresponding to the highest peak of the molecular weight distribution curve and the weight 
average molecular weight (Mw) of the entire block copolymer. Namely, the ratio of the weight average molecular weight 
of the highest component among the vinyl aromatic hydrocarbon polymer components to the weight average molecular 
weight of the entire block copolymer is at least 0.1 and at most 0.4, preferably at least 0.2 and at most 0.35. If It is less 
25 than 0.1 . film formability tends to decrease, and if it exceeds 0.4. heat shrinkabllity tends to decrease, and thus the 
effect of the present invention can hardly be obtained. 

[0019] In the molecular structure of X-(Y-X)n of the present Invention, block X comprising the vinyl aromatic hydro- 
carbon at each terminal functions as a physical crossllnking point between molecules, such being preferred in view of 
appearance of strength as the resin molded product. Further, block Y in the middle is characterized by containing at 
30 (east one random copolymer segment comprising a vinyl aromatic hydrocarbon and a conjugated diene. By the pres- 
ence of this segment, heat shrinkabllity and spontaneous shrinkage resistance can be well balanced. Further, with a 
purpose of further imparting "elongation" property and flexibility of the film, a chain comprising a conjugated diene may 
further be added to Y. 

[0020] The weight average molecular weight of the conjugated diene polymer block in block Y can be obtained in 
35 such a manner that the conjugated diene monomer is added in a polymerization step, a small amount of the copolymer 
solution Is taken out from the polymerization reactor before and after the step of completely polymerizing the monomer, 
and the solutions are subjected to GPC measurement, and the weight average molecular weights are compared. 
[0021] The composition of the first invention is a block copolymer composition containing at least two types of the 
different block copolymers (A). 
40 [0022] It is preferably a block copolymer composition wherein the relation of the loss tangent value obtained by 
dynamic viscoelasticity measurement of the composition to the temperature satisfies conditions (1) there Is at least 
one maximum value within a temperature range of from 60 to 110**C, (2) the value of loss tangent at a temperature 
lower by 1 0^'C than the lowest temperature for the maximum value is at most 40% of the highest maximum value, and 
(3) the value of loss tangent at a temperature lower by SO^'C than the lowest temperature Is at most 1 0% of the highest 
45 maximum value. 

[0023] Now, the composition containing the block copolymer (A) and a vinyl aromatic hydrocarbon polymer according 
to the second Invention will be explained below. 

[0024] The composition is a composition containing the block copolymer (A) comprising a vinyl aromatic hydrocarbon 
and a conjugated diene and at least one member selected from the following vinyl aromatb hydrocari^on polymers 
50 (B1)to(B3): 



(B1) a vinyl aromatic hydrocarbon polymer, 

(B2) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A)), and 

55 (B3) a rubber>modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 

hydrocart^on and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 23**C, 
and a rubber-like elastrc body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 23**C, wherein 
the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) forms a disperse phase, and the 
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weight ratio fs (a)/(b)=60/40 to B7iZ. 
[0025] The vinyl aromatic hydrocarbon polymers (B1 ) to {B3) will be explained hereinafter. 

[0026] Now. the composition containing the blobk copolymer (A) and a block copolymer (A2) according to the third 
5 invention will be explained below. 

[0027] Of the composition, the compositional ratio by weight of the block copolymer (A) to the following block copol- . 
ymer (A2) is required to be within a range of 0.1 ^ A/(A+A2)^0,95: 

[0028] The block copolymer (A2) Is a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene, 
wherein in the relation of the loss tangent value obtained by dynamic viscoelastlcity measurement to the temperature, 
to there is at least one maximum value within a temperature range of from 63 to 1 20*0, and the lowest temperature for 
the maximum value of the loss tangent value within said range is higher by at least 3°C than the lowest temperature 
for the maximum value of the loss tangent value of the block copolymer (A). 

[0029] Partbularly preferred is a copolymer composition comprising the block copolymer (A) and the block copolymer 
(A2), wherein In the relation of the bss tangent value obtained by dynamic viscoelastlcity measurement to the temper- 
'5 ature of the block copolymer (A2), the value of loss tangent at a temperature lower by 1 0*'C than the lowest temperature 
for the maximum value of the loss tangent value within a range of from 63 to 120*'C, is at most 40% of the maximum 
value, and the value of loss tangent at a temperature lower by 30**C than the lowest temperature Is at most 1 0% of the 
maximum value. 

[0030] Further, the composition according to the third invention may contain at most 100 parts by weight of at least 
20 one vinyl aromatic hydrocarbon resin selected from the following polymers (B1 ) to (B3) based on 1 00 parts by weight 
of the above copolymer composition comprising (A) and (A2): 

(B1) a vinyl aromatic hydrocarbon polymer. 

(82) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
2^ (A) and the block copolymer (A2)), 

(83) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth) aery late and having a refractive index of from 1 .550 to 1.580 at a temperature of 23*^0, 
and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 23*^0 , wherein 
the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) fornis a disperse phase, and the 

30 weight ratio Is (a)/(b)=60/40 to 97/3. 

[0031] The compositional ratio of the vinyl aromatic hydrocarbon and the conjugated diene in the block copolymers 
(A) and (A2) is not partteularly limited, however, the weight ratio of the conjugated diene is preferably within a range 
of at least 5% and less than 40%, more preferably within a range of from 7% to 30%. The molecular weight is not 
35 particularly limited also, however, the weight average molecular weight by gel permeation chromatography (as calcu- 
lated as polystyrene) is preferably at least 50,000 and less than 500,000, more preferably at least 100,000 and less 
than 300,000. 

[0032] Now, the block copolymer (A2) of a vinyl aromatic hydrocarbon and a conjugated diene will be explained. This 
block copolymer is characterized by that in a relation of the loss tangent value obtained by dynamic viscoelastlcity 

40 measurement to the temperature, there is at least one maximum value within a range of from 63 to 120''C, and the 
lowest temperature for the maximum value of the loss tangent value within said range Is a temperature higher by at 
least 3''C, preferably by at least 5**C, more preferably by at least 10*^0 and at most 30**C, than the lowest temperature 
for the maximum value of the loss tangent value as defined in the item for the block copolymer (A). By mixing the block 
copolymer (A2) of a vinyl aromatic hydrocarbon and a conjugated diene having such characteristics with the block 

45 copolymer (A), a resin composition excellent in processing properties such that it emits less odor, It is excellent in 
spontaneous shrinkage resistance and low temperature shrinkability, and the range of conditions particularly for ori- 
enting can be widened, can be obtained. 

[0033] The block copolymer (A2) particularly preferably has a relation of the loss tangent value obtained by dynamic 
viscoelastlcity measurement to the temperature such that the value of loss tangent at a temperature lower by 1 0^'C 

50 than the lowest temperature for the maximum value among maximum values within a temperature range of from 63 to 
1 20°C, Is at most 40% of the maximum value, and the value of loss tangent at a temperature tower by 30^*0 than the 
lowest temperature is at most 10% of the maximum value, in view of spontaneous shrinkage resistance. The block 
copolymer having such characteristics can be produced in the same method as for the block copolymer (A) as men- 
tioned hereinafter. The maximum value of the loss tangent value obtained by dynamic viscoelasticity measurement 

55 can be controlled by optionally changing the weight ratio of the vinyl aromatic hydrocarbon to the conjugated diene at 
the segment portion of the copolymer chain of the vinyl aromatic hydrocarbon and the conjugated diene. 
[0034] In the third Invention, the compositional ratio by weight of the block copolymer (A) to the block copolymer (A2) 
is within a range of 0.1 ^A/(A4-A2)^ 0.95, preferably 0.3^A/(A4-A2)^0.9, particularly preferably 0.5^A/(A+A2) ^0.8. 
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By mixing such a polymer having a special relation of the loss tangent value obtained by dynamic viscoelasticity meas- 
urement to the temperature, a copolymer composition excellent in processing properties such that it emits less odor, 
it is excellent in low temperature shrinkability and spontaneous shrinkage resistance, and the range of orienting con- 
ditions particularly when formed into a shrinkable film can be widened, can be obtained. 
5 [0035] Further, it Is preferred that the block copolymer (A) or (A2) has a block portion corresponding to a maximum 
value of the loss tangent value of at 0*C or below, in order to increase impact resistance of a (multilayer) sheet, (mul- 
tilayer) film or heat shrinkable (multilayer) film obtained by using the copolymer composition containing the block co- 
polymers (A) and (A2) as essential components. 

[0036] In the third invention, the amount of the vinyl aromatic hydrocarbon polymers (B1) to (83) is such that the 
10 vinyl aromatic hydrocarbon polymer is at most 100 parts by weight, preferably at most 75 parts by weight, particularly 
preferably at most 50 parts by weight, based on 1 00 parts by weight of the copolymer composition comprising (A) and 
(A2). If It exceeds 100 parts by weight, at least one characteristk:s of the obtained heat shrinkable (multilayer) film 
among spontaneous shrinkage resistance, low temperature shrinkability, Impact resistance and transparency tends to 
be impaired. 

15 [0037] Now, the composition containing the block copolymer (A) and a block copolymer (A3) according to the fourth 
invention will be explained. 

[0038] The composition is a composition comprising the block copolymer (A) having a weight average molecular 
weight Mwl within a range of lOO.OOO^Mwl ^300,000, and a block copolymer (A3) comprising a vinyl aromatic hy- 
drocarbon and a conjugated diene and having a weight average molecular weight Mw2 In relation to I\4w1 within a 
20 range of 0.1 ^Mw2/Mw1 ^0.85. wherein the compositional ratio by weight of (A) to (A3) Is within a range of 0.1 <A/ 
(A+A3)<0.9. 

[0039] Further, It may be a copolymer composition which contains at most 100 parts by weight of a vinyl aromatk: 
hydrocarbon polymer containing at least one of the following (B1 ) to (B3) based on 1 00 parts by weight of the copolymer 
composition: 

25 

(81) a vinyl aromatic hydrocarbon polymer, 

(82) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer (A)) , 

(83) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrylate and having a refractive index of from 1 ,550 to 1 .580 at a temperature of 23^0, 

30 and a mbber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 23°C, wherein 

the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) fomis a disperse phase, and the 
weight ratio is (a)/(b)=60/40 to 97/3. 

[0040] The compositional ratio of the vinyl aromatic hydrocartson and the conjugated diene contained In each of the 
35 block copolymers (A) and (A3) is not particularly limited, however, the weight ratio of the conjugated diene is preferably 
at least 6% and less than 60%, and more preferably within a range of from 7% to 40%. Further, when (A) and (A3) are 
mixed to obtain a composition, the weight ratio of the conjugated diene based on the entire composition Is preferably 
at least 7% and less than 35%, more preferably at least 12% and less than 25%, 

[0041] Further, the block copolymer (A3) according to the fourth Invention has a weight average molecular weight 
40 (Mw2) by gel penmeation chromatography (GPC) measurement In relation to the weight average molecular weight 
Mwl of the block copolymer (A) within a range of 0.1^Mw2/I\/lw1^ 0.85, preferably 0.3^Mw2/Mw1 ^0.80, more pref- 
erably 0.4^ Mw2/Mw1 ^0.75. most preferably 0.5^Mw2/Mw1 ^0.72. If Mw2/Mw1 is less than 0.1 . the strength of the 
obtained film tends to be low, and If It exceeds 0.85, the surtace of the obtained oriented film may be wrinkled or surface 
roughening may occur. 

45 [0042] The copolymer composition composed mainly of a block copolymers (A) and (A3) of a vinyl aromatic hydro- 
carbon and a conjugated diene is preferably such that in the relation of the loss tangent value obtained by dynamic 
viscoelastldty measurement to the temperature, the loss tangent value has at least one maximum value within a tem- 
perature range of from 60 to IIO^'C, more preferably from 60 to 100**C, furthemriore preferably from 76 to 90**C. the 
value of loss tangent at a temperature lower by 10*^0 than the lowest temperature for the maximum value of the loss 

50 tangent value within said range, is at most 40% of the highest value, and the value of loss tangent at a temperature 
lower by 30''C is at most 1 0% of the highest value. By such characteristics, favorable spontaneous shrinkage resistance 
and low temperature shrinkability can be imparted. 

[0043] In the fourth invention, it is required that the compositional ratio by weight of the block copolymer (A) to the 
block copolymer (A3) Is within a range of 0.1<A/(A+A3)<0.9, preferably 0.2<A/(A+A3)<0.8. If the compositional ratio 
55 is out of this range, characteristics of each component can not adequately be made use of, and film fonnation properties 
tend to decrease, and outer appearance of the sheet or film may be impaired, or shrinkage properties of the oriented 
film tends to deteriorate in some cases. By mixing such a polymer having a specific molecular weight and having a 
special relation of the loss tangent value obtained by dynamic viscoelastbity measurement to the temperature, a co- 
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polymer composrtion excellent in processing properties such that it emits less odor, it is excellence In tow temperature 
shrinkability and spontaneous shrinkage resistance, and the range of orienting conditions particulariy when fonmed 
into a shrinkable film can be widened, can be obtained. 

[0044] The fifth invention relates to a film, a sheet or a heat shrinkable film made of the block copolymer (A) or a 
5 copolymer composition comprising it, and a multilayer film, a multilayer sheet or a heat shrinkable multilayer' film em- 
ploying the block copolymer (A) or a copolymer composition comprising it for at least one layer. 
[0045] Further, the sixth Invention of the present Invention relates to a method for producing the block copolymer (A). 



BEST MODE FOR CARRYING OUT THE INVENTION 

10 

[0046] Now, the present invention will further be explained additionally and in detail, 

[0047] A chemical structure of each of the block copolymers (A), (A2) and (A3) of a vinyl aromatic hydrocari^on and 
a conjugated diene of the present invention is not particularly limited, and the polymer may have a block copolymer 
structure wherein the vinyl aromatic hydrocariDon chain and the conjugated diene chain are separated, or the vinyl 

15 aromatic hydrocarbon and the conjugated diene may be bonded to each other randomly or with a low rate of change 
of concentration gradient. Further, it Is preferably a block copolymer having a vinyl aromatic chain at least one terminal, 
particularly preferably at each terminal, so as to achieve favorable heat stability at the time of processing. 
[0048] The loss tangent value obtained by dynamic viscoelasticity measurement of the present invention is repre- 
sented as a value of the ratio of loss elasticity modulus obtained as a response when a stress and stain in a tensile 

20 direction repeated in a sine wave are imparted to a test material, to the storage elasticity modulus. It means the bound 
state of molecules In the test specimen, and a high loss tangent value means that molecules are more likely to be 
loosely bonded, and the heat shrinkable film is more likely to shrink at the temperature. The value obtained by dynamic 
viscoelasticity varies depending upon the measurement method and conditions, and in the present invention, a sheet 
having a thickness of from 0.1 to 0.5 mm is subjected to solid viscoelasticity measurement at a measurement temper- 

25 ature within a range of from room temperature to 120^0, at a temperature-raising rate of 4*'C/min at a measurement 
frequency of 1 Hz. 

[0049] As the vinyl aromatic hydrocart3on used in each of the block copolymers (A), (A2) and (A3) comprising a vinyl 
aromatic hydrocartson and a conjugated diene, styrene, o-methylstyrene, p-methylstyrene, p-tert-butylstyrene, 
2,4-dlmethylstyrene, 2,5-dlmethylstyrene, a-methylstyrene, vinyl naphthalene or vinyl anthracene may, for example, 
30 be mentioned, and particulariy preferably styrene may be mentioned. 

[0050] Further, the conjugated diene may, for example, be 1 ,3-butadlene, 2-methyl-1 ,3-butadiene (isoprene), 
2,3-dimethyl-1 ,3-butadiene, 1 ,3-pentadiene or 1 ,3-hexadiene, and particulariy preferably 1 ,3-butadiene or Isoprene 
may be mentioned. 

[0051] A compositional ratio of the vinyl aromatic hydrocart^on and the conjugated diene In the block copolymer (A) 
35 in the present Invention Is not particulariy limited, however, the weight ratio of the conjugated diene is preferably within 
a range of from 5 to 40%, more preferably from 7 to 30%. 

[0052] The molecular weight of the block copolymer (A) is not particularly limited also, however, the weight average 
molecular weight is preferably at least 50,000 and less than 600,000, more preferably at least 100,000 and at most 
300,000 as measured by gel permeation chromatography (as calculated as polystyrene). If the weight average molec- 

40 ular weight Is less than 50,000, strength of the obtained copolymer tends to be inadequate, and if it exceeds 500,000, 
a great force will be required when it is processed into a sheet or film, and no favorable product tends to be obtained. 
[0053] Each of the block copolymers (A), (A2) and (A3) of the present invention can be produced by blending the 
above explained vinyl aromatic hydrocarbon and conjugated diene, each being of one type or at least two types, and 
subjecting them to living anionic polymerization employing an organte lithium compound as a polymerization initiator 

45 In an organic solvent, 

[0054] By the Irving anionic polymerization, polymerization of the vinyl aromatic hydrocarbon and conjugated diene 
as the material monomers continues so long as a polymerizable active temriinal is present, whereby remaining of the 
monomers can be suppressed. Further, there are such characteristics in view of polymerization reaction that the re- 
active active tenninals are less likely to be deactivated and less likely to be newly formed during the polymerization by 
50 a chain transfer reaction. Accordingly, the molecular weight and the molecular structure of the copolymer in the present 
Invention can be controlled depending upon the purpose, by optionally changing the charge amount, the timing of 
addition and the number of addition of the monomers, the polymerization initiator, the randomizing agent, and the 
proton donating substance used for deactivation of active tenninals (hereinafter referred to as "polymerization termi- 
nator"). 

55 [0055] For example, In a case where a molecular structure of a block type wherein a chain of the vinyl aromatic 
hydrocart>on and a chain of the conjugated diene are separated Is Introduced, material charglngs of the vinyl aromatic 
hydrocarbon and the conjugated diene are separately carried out, and after one reaction is completed, the next charging 
is carried out. 
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[0056] Further, to prepare a chain having a random structure, a randomizing agent which makes the reactivity ratios 
of the vinyl aromatic hydrocarbon and the conjugated diene same is selected and added,or each of the monomers is 
added little by tittle so that the feed weight of each monomer to the reaction system will be always slower than the 
reaction rate, that is, the reactive terminal of the polymer is always In a starved state. 
5 [0057] Further, when the vinyl aromatic hydrocarbon and the conjugated diene are added to the reaction system 
simultaneously in the presence of a proper randomizing agent, a copolymer having a graded chain structure will be 
formed, 

[0058] In the present invention, the randomizing agent is a molecule having polarity, and an amine, an ether, a 
thioether, and phosphoramide^ an alkyl benzene sulfonate, and an alkoxide of potassium or sodium may, for example, 

10 be used. As a suitable amine, a tertiary amine such as trimethylamine, triethylamine or tetramethylethyienediamine, 
or a cyclic tertiary amine may, for example, be used. The ether may, for example, be dimethyl ether, diethyl ether, 
diphenyl ether, diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol dibutyl ether or tet- 
rahydrofuran. Further, triphenylphosphine, hexamethylphosphoramide, potassium aikyi benzene sulfonate or butoxide 
of e.g. sodium, potassium or sodium may, for example, be mentioned. 

15 [0059] As the randomizing agent, one type or a plural types thereof may be used, and the concentration is suitably 
from 0.001 to 10 parts by weight in total based on 100 parts by weight of the material monomers. 
[0060] As the organic solvent, an aliphatic hydrocarbon such as butane, pentane, hexane, isopentane, heptane, 
octane or isooctane, an alicyclic hydrocarbon such ascyclopentane, methylcyclopentane, cyclohexane, methylyclohex- 
ane or ethylcyclohexane, or an aromatte hydrocarbon such as benzene, toluene, ethylbenzene or xylene, may, for 

20 example, be used. 

[0061] The organic lithium compound as the polymerization initiator is a compound having at least one lithium atom 
bonded In Its molecule, and in the present Invention, a mo nofu notional polymerization Initiator such as ethyl lithium, n- 
propyl lithium, isopropyl lithium, n-butylithium, sec-butylithlum or tert-butylithium, or a multifunctional polymerization 
Initiator such as hexamethylene dillthlum, butadienyl dilithium or Isoprenyl dillthlum may, for example, be used. 
25 [0062] As the polymerization terminator in the living anionic polymerization In the present Invention, at least one 
member selected from water, an alcohol, an inorganic acid, an organic acid and a phenol compound is added to the 
reaction system to terminate the polymerization. 

[0063] As the polymerization terminator, water Is particularly preferred. 

[0064] The alcohol as the polymerization terminator may, for example, be methanol, ethanol or butanol, the Inorganic 
30 acid may, for example, be hydrochloric acid, sulfuric acid, nitric acid, boric acid, phosphoric acid or carbonic acid, the 
organic acid may, for example, be a carboxylic acid such as octyllc acid, capric acid, lauric acid, myristic acid, palmitic 
acid, stearic acid, olefinic acid, linoleic acid, linolenic acid, riclnoleic acid orbehenic acid, or sulfonic acid or sulfmic 
acid, and the phenol compound may, for example, be 2-[1 -(2-hydroxy-3,5-di-tert-pentylphenyl)ethyl]-4.6-di-tert-pentyl- 
phenylacrylate, 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-6-methylbenzyl)-4-methylphenyl acrylate or octadecyl-3-(3.5-dl- 
55 tert'butyl-4-hydroxyphenyl)proplonate. 

[0085] The number of deactivation at the potymerizable acth^e terminals is In proportion to the stoichiometric amount 
of the polymerization tenninator added, and accordingly the polymerization terminator may be added In a stoichiometric 
amount smaller than the number of active temiinals divldedly in several times, so that only a part of active terminals 
during the polymerization are deactivated, and while polymerization Is further continued by the remaining active ter- 
40 minals, and the remaining active tenninals Is deactivated when a predetemiined rate of polymerization is achieved, or 
the entire active terminals may be deactivated all at once. IHowever, it Is necessary to deactivate all the active terminals 
by adding an adequate amount of the polymerization terminator relative to the number of active terminals at that point 
at the completion of the polymerization. 

[0066] As a method to separate the copolymer solution after completion of the deactivation treatment from the solvent, 
45 (1) a method of precipitating it in a poor solvent such as methanol, (2) a method of supplying the copolymer solution 
to e.g. a heated roll, and evaporating the solvent alone to separate the copolymer (drum drier method), (3) a method 
of supplying the heated block copolymer (composition) solution to a can maintained to a pressure lower than the 
equilibrium vapor pressure at the temperature of the organic solvent contained in the heated solution continuously or 
intermittently for devolatilization (flush evaporation method), (4) a method of passing the copolymer solution through 
50 a vent type extruder for devolatilization, (5) a method of injecting the copolymer solution into warm water with stirring 
to evaporate the solvent (steam stripping method), or a combination thereof may be mentioned. 
[0067] In the present invention, of the block copolymer (A) and/or the copolymer composition containing the block 
copolymer (A) as an essential component, In the relation of the loss tangent value obtained by dynamic viscoelasticity 
measurement to the temperature, there is at least one maximum value within a temperature range of from 60 to 11 0**C, 
55 preferably from 62 to 1 05*C, particulariy preferably from 65 to 1 00**C, the highest maximum value within this range Is 
preferably from 0.5 to 4.0, particularly preferably from 0.7 to 3.5, the value of loss tangent at a temperature lower by 
10^*0 than the lowest temperature for the maximum value is at most 40%, preferably at most 35% of the highest 
maximum value, the value of loss tangent at a temperature lower by 30*C than the lowest temperature is at most 1 0%, 
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preferably at most 8% of the highest maximum value, and further, the loss tangent value at 30'C is preferably from 
0.01 to 0.4, particularly preferably from 0.01 to 0,2. In other words, the present inventors have found that a heat shrink- 
able (multilayer) film having favorable spontaneous shrinkage resistance can be obtained without impairing the low 
temperature shrinkability, by using the block copolymer (A) and/or the copolymer composition containing the block 
5 copolymer (A) as an essential component, having a steep maximum value having a high peak shape of the loss tangent 
value within a temperature range of from 60 to 110*C. 

[0068] In the present invention, of the block copolymer (A) and/or the copolymer composition containing the block 
copolymer (A) as an essential component, in the relation of the loss tangent value obtained by dynamic viscoelastk:ity 
measurement to the temperature, if there is no maximum value within a temperature range of from 60 to 110**C, and 
10 the temperature for the maximum value exceeds 1 1 0*C, the low temperature shrinkabllity of the obtained heat shrink- 
able (multilayer) film tends to be inadequate, and if there is no maximum value within a temperature range of from 60 
to 110"C, and the temperature for the maximum value is less than 60**C, the spontaneous shrinkage resistance may 
be inadequate in some cases. Further, if the value of loss tangent at a temperature lower by 10*^0 than the lowest 
temperature for the maximum value exceeds 40% of the highest maximum value, the value of loss tangent at a tern- 
's perature lower by 30'C than the lowest temperature exceeds 1 0% of the highest maximum value, or the loss tangent 
value at 30**C exceeds 0.4, the spontaneous shrinkage resistance tends to be impaired. 

[0069] Now, the method for producing the block copolymer (A), the loss tangent value of whrch satisfies the conditions 
(1) to (3) as defined in Claim 1 will be explained in further detail below. 

[0070] In order that the temperature for the maximum value of the loss tangent value Is from 60 to 11 0**C, It is desirable 

so that a copolymer segment portion having a weight ratio of the vinyl aromatic hydrocarbon to the conjugated diene of 
from 98/2 to 72/28, preferably from 97/3 to 75/25, particularty preferably from 95/5 to 80/20, is contained in the block 
copolymer. Needless to say, the temperature for the maximum value of the loss tangent value may be set to a high 
temperature of from 70 to 1 1 0^'C when a-methylstyrene instead of styrene as the vinyl aromatic hydrocariDon or isoprene 
instead of butadiene as the conjugated diene is used with a high proportion, or the proportion of vinyl bonds in a 

S5 mlcrostructure of butadiene is increased. However, if the vinyl bonds increase, if It stays at the time of processing, gel 
tends to fomn, and In view of material cost, styrene and butadiene are most preferred as the vinyl aromatic hydrocarbon 
and as the conjugated diene, respectively, and the proportion of the vinyl bonds is preferably at most 20%, particularty 
preferably at most 16%, in the mlcrostructure of butadiene, and in such a case, the temperature for the maximum value 
of the loss tangent value is likely to be controlled to a low temperature of from 60 to HO^'C. 

30 [0071] If the weight ratio of the vinyl aromatic hydrocarbon to the conjugated diene in the segment portion of the 
copolymer chain of the vinyl aromatic hydrocarbon and the conjugated diene corresponding to a temperature for the 
maximum value of the loss tangent value of from 60 to 110**C exceeds 98/2, the low temperature shrinkabllity of the 
obtained heat shrinkable film tends to decrease, on the other hand, if It Is less than 72/28, the maximum value of the 
loss tangent value tends to be less than eO^'C, and the spontaneous shrinkage resistance tends to decrease. 

35 [0072] In order to obtain a steep peak whk)h satisfies the conditions (2) and (3) among the above conditions for the 
loss tangent value, it is preferred that the segment portion of the copolymer chain of the vinyl aromatic hydrocartDon 
and the conjugated diene corresponding to the maximum value of the loss tangent value within a temperature range 
of from 60 to 1 1 0**C. is polymerized under such conditions that the proportion of the random chain of the vinyl aromatic 
hydrocarbon and the conjugated diene Is high. For example, a method of adding them In small amounts so that the 

40 reactive temilnals in each monomer polymerization are always in a substantially starved state, or a method of copol- 
ymerizing them in the presence of a randomizing agent may be mentioned. 

[0073] Further, the peak shape of the maximum value of the loss tangent value tends to be broad or the temperature 
for the maximum value tends to slightly change, under Influence of the segment portion adjacent to the segment portion 
of the copolymer chain of the vinyl aromatic hydrocarbon and the conjugated diene corresponding to a temperature 

45 for the maximum value of the loss tangent value of from 60 to 1lb**C. Thus, preferred is a block copolymer comprising 
from 0.1 to 50 parts by weight, preferably from 0.2 to 30 parts by weight, particularly preferably from 1 to 15 parts by 
weight, of the adjacent segment portion comprising a vinyl aromatic hydrocartjon and/or a conjugated diene based on 
1 00 parts by weight of the segment portion of the copolymer chain of the vinyl aromatic hydrocarbon and the conjugated 
diene corresponding to a temperature for the maximum value of the loss tangent value of from 60 to 1 1 0°C. Further, 

50 In view of effect of improving heat stability at the time of processing, the segment portion comprising a vinyl aromatic 
hydrocariDon alone is present on one terminal, particularly on both terminals. For example. In a case of a block copol- 
ymer having a segment comprising a vinyl aromatic hydrocarbon alone on one tenninal, particularly on both terminals, 
even if e.g. the edge or the like obtained at the time of extruding or orienting the heat shrinkable (multilayer) film Is 
mixed as a returned material, a sheet or film having favorable orienting processabillty, low temperature shrinkabllity, 

55 spontaneous shrinkage resistance and transparency can be obtained. 

[0074] The block copolymer (A) of the present Invention may be produced, for example, by the following method 

taking the above into consideration. However, its production is not limited to the following method. 

[0075] A method for producing a block copolymer, which comprises polymerizing from 0 to 50 parts by weight of a 
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vinyl aromatic liydrocarbon and/or a conjugated diene as a monomer employing an organic lithium compound as an 
initiator in an organic solvent (first step), adding 100 parts by weight in total of a vinyl aromatic hydrocarbon and a 
conjugated diene in a weight ratio of the vinyl aromatic hydrocarbon to the conjugated diene of from 98/2 to 72^8, as 
mixed or separately, simultaneously, and intemiitt'ently or continuously to the reaction system so that the feed rate of 

5 the monomers is substantially lower than the reaction rate (second step), and polymerizing from 0.1 to 50 parts by 
weight of a vinyl aromatic hydrocarbon and/or a conjugated diene as a monomer (third step). 
[0076] Further, a method for producing a blocic copolymer may be mentioned, which comprises polymerizing from 0 
to 50 parts by weight of a vinyl aromatic hydrocarbon and/or a conjugated diene as a monomer employing an organic 
lithium compound as an initiator in an organic solvent (first step), adding 1 00 parts by weight in total of a vinyl aromatic 

io hydrocarbon and a conjugated diene with a weight ratio of the vinyl aromatic hydrocarbon to the conjugated diene of 
from 98/2 to 72/28 as mixed or separately to the reaction system in the presence of a randomizing agent for polymer- 
ization (second step), and polymerizing from 0.1 to 50 parts by weight of a vinyl aromatic hydrocarbon and/or a con- 
jugated diene as a monomer (third step). 

[0077] The first step is not necessarily required, but the method is characterized by the polymerization steps of the 
15 second and third steps. Each of the first and third steps is not necessarily a single step, and it may be a step of obtaining 
a block copolymer having at least two segments. For example, the segment portion obtained in the first step may 
comprise a vinyl aromatic hydrocarbon chain alone, but In the third step, a segment portion of a vinyl aromatic hydro- 
carbon chain and a segment portion of a conjugated diene chain may be obtained. 

[0078] The block copolymer (A) as an essential component in the present invention is not particularly limited so long 
20 as conditions for the measured values obtained by dynamic viscoelasticity measurement as defined in Claims are 
satisfied. Further, it may be a blended product of the block copolymer (A) with another block copolymer. For example, 
so long as the main component of the block copolymer (A) Is a block copolymer having the above-described random 
structure segment, the vinyl aromatic hydrocarbon and the conjugated diene may be bonded with a low rate of change 
of concentration gradient (graded structure) in the other block copolymer, and there is not necessarily a maximum 
25 value of the loss tangent value within a range of from 60 to IIO^'C. For example, in a case where a heat shrinkabte 
(multilayer) film having favorable impact resistance is required, another block copolymer which shows a temperature 
for the maximum value of the loss tangent value of at most O^'C, not from 60 to IIO^'C, may be used together. 
[0079] Further, with the block copolymer (A) of the present Invention thus produced, a vinyl aromatic hydrocarbon 
polymer containing at least one member selected from the following polymers (B1 ) to (B3) may be mixed as the case 
30 requires. In such a case also, the loss tangent valve preferably satisfies the conditions (1) to (3) as identified in Claim 
1 from the viewpoint of the low temperature shrinkability and spontaneous shrinkage resistance: 

(61 ) a vinyl aromatic hydrocarbon polymer, 

(B2) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer (A)) , 
55 (B3) a rubber-modified transparent resin which Is a composition of a copolymer (a) comprising a vinyl aromatic 

hydrocarbon and a (meth) aery late and having a refractive index of from 1 .550 to 1 .580 at a temperature of 23*'C, 
and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 23°C, wherein 
the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) loms a disperse phase, and the 
weight ratio is (a)/{b)=60/40 to 97/3. 

40 

[0080] Now, the polymers (B1) to (B3) will be explained below. 

[0081] The vinyl aromatic hydrocarbon polymer (81) may be polyethylene, a vinyl aromatte hydrocarbon/(meth)acr- 
ylate and/or (meth)acrylic acid copolymer, or a high-Impact polystyrene. Forexample. polystyrene may be usedtogether 
In order to increase the rigidity of the obtained film, a high-Impact polystyrene may be used together with a purpose of 
•^5 improving blocking properties, and a vinyl aromatk: hydrocarbon/(meth)acrylate and/or (meth)acrylic acid copolymer 
may be used together to improve processabillty and low temperature orienting properties. 

[0082] The vinyl aromatic hydrocarbon used for the vinyl aromatic hydrocarbon polymer (B1 ) in the present invention 
may be the vinyl aromatic hydrocariDon as exemplified for the block copolymer (A). Further, the (meth)acrylate monomer 
may, for example, be methyl methacrylate, ethyl methacrylate, methyl acrylate, ethyl acrylate, n-butyl acrylate, 2-meth- 
so ylhexyl acrylate, 2-ethylhexyl acrylate or octyl acrylate. and the (meth)acrylic acid monomer may be acrylic acid or 
methacryiic acid. Preferred is methyl methacrylate or n-butyl acrylate. Needless to say, at least two types of (meth) 
acrylate monomer and/or (meth)acryllc acid monomer such as at least two types of methyl methacrylate and n-butyl 
acrylate.may be used together. 

[0083] As the vinyl aromatic hydrocari3on and the conjugated diene to be used for the block copolymer of a vinyl 
55 aromatic hydrocartDon and a conjugated diene (B2), the monomers to be used for production of the block copolymer 
(A) may be used and are not particularly limited. 

[0084] Regarding (B3). the monomer to be used for the copolymer (a) comprising a vinyl aromatic hydrocarbon and 
a (meth)acrytate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 23'^C, may be one as exem- 
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plified for the vinyl aromatic hydrocarbon polymer (B1), and the refractive index may be adjusted by the type of the 
monomer and composition. If the refractive index of the copolymer comprising a vinyl aromatic hydrocarbon and a 
(meth)acrylate is less than 1 .550, decrease in transparency tends to be significant when blended with the block copol- 
ymer (A) or polystyrene, and if rt exceeds 1 .580, decrease In transparency tends to be significant when blended with 

5 the rubber-like elastk: body. Further, as the rubber-like elastic body (b), the block copolymer comprising a vinyl aromatic 
hydrocarbon and a conjugated diene, a MBS resin or a MBAS resin may be mentioned. Such a rubber-like elastic body 
may be used alone or as mixed, and the refractive index of the rubber-like elastic body is preferably within a range of 
from 1 .535 to 1 .550 so as to keep transparency. By controlling the refractive indices of the copolymer (a) and the 
rubber-like elastic body (b) within the above ranges, respectively, it Is effective to keep transparency when e.g. the 

10 edge of a multilayer sheet, a multilayer film or a heat shrinkable multilayer film obtained at the time of extruding/orienting 
is mixed as a returned material in an amount of at most 50 parts by weight based on 1 00 parts by weight of the block 
copolymer (A) or the copolymer composition and/or the vinyl aromatic hydrocarbon polymer (81) to (B3). 
[0085] The weight ratio of the copolymer (a) to the rubber-like elastic body (b) is (a)/(b)=6p/40 to 97/3, preferably 
70/30 to 95/5, more preferably 75/25 to 91/9. If the weight ratio of (a)/(b) is less than 60/40, rigidity tends to be poor, 

15 and if it exceeds 97/3, the impact strength tends to be inadequate. 

[0086] As a method for producing the rubber-modified transparent resin (B3). a method of blending the copolymer 
.(a) with at least one rubber-like elastic body (b) selected from a MBS resin and a MBAS resin obtained by e.g. emulsion 
polymerization, and a block copolymer comprising a vinyl aromatic hydrocarbon and a conjugated diene obtained by 
e.g. anionic polymerization, or a method of polymerizing a monomer mixture corresponding to the copolymer (a) by e. 

20 g. emulsion polymerization, bulk-suspension polymerization or bulk polymerization In the presence of a random co- 
polymer comprising polybutadiene, a vinyl aromatic hydrocarbon and a conjugated diene or a block copolymer com- 
prising a vinyl aromatic hydrocarbon and a conjugated diene, may be mentioned. 

[0087] In the present Invention, the amount of the vinyl aromatk: hydrocarbon polymer (81) to (83) is preferably at 

most 1 00 parts by weight based on 100 parts by weight of the block copolymer (A) and/or Its copolymer composition. 
S5 If It exceeds 100 parts by weight, it tends to be difficult to satisfy both spontaneous shrinkage resistance and low 

temperature shrinkability of the obtained heat shrinkable (multilayer) film, or a impact resistance tends to be impaired. 

[0088] Further, in a case where the vinyl aromatic hydrocarbon polymer (B1 ) is an opaque high-impact polystyrene, 

its amount is at most 20 parts by weight, preferably at most 1 0 parts by weight, partk:ularly preferably at most 5 parts 

by weight. If it exceeds 20 parts by weight, transparency tends to decrease. 
30 [0089] For mixing, melt kneading by means of e.g. an extruder is preferred. Further, formation into a sheet or a film 

by melt kneading by means of e.g. a sheet extruder or a film extruder Is also one of preferred examples. 

[0090] Into the block copolymer (A) and/or its copolymer composition obtained in the present invention, various 

additives may further be Incorporated as the case requires. 

[0091] In a case where the block copolymer composition Is subjected to various heat treatments, In order to handle 
35 deterioration of physical properties when its molded product or the like Is used in an oxidizing atmosphere or under 
irradiation with e.g. ultraviolet rays, or in order to further impart physical properties suitable for the purpose of use, an 
additive such as a stabilizer, a lubricant, a processing aid, an anti*blocking agent, an antistatic agent, an anti-fogging 
agent, a weather resistance-improving agent, a softening agent, a plasticizer or a pigment may, for example, be added. 
[0092] The stabilizer may, for example, be 2-[1'(2-hydroxy-3,5-di-tert-pentylphenyl)ethyl]-4,6-di-tert-pentyIpheny- 
40 lacrylate or 2-tert-butyl-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenyl acrylale, a phenol type antioxidant 
suchasoctadecyl-3-{3,5-dl-tert-butyl-4-hydroxyphenyl)propionateor2,6-dl-tert-butyl-4-methylphenol,oraphosphorus 
type antioxidant such as 2,2-methylenebis(4.6-di-tert-butylphenyl)octylphosphlte, trisnonylphenylphosphite or bis 
(2,6-di-tert-butyl-4-methylphenyl)pentaerythritol-di-phosphlte. 

[0093] Further, the lubricant, processing aid, anti-blocking agent, antistatic agent or antl-fogging agent may, for ex- 
45 ample, be a saturated fatty acid such as palmitic acid, stearic acid or behenic acid, a fatty acid ester or a pentaerythritol 
fatty acid ester such as octyl palmltate or octyl stearate, a fatty acid amide such as erucamide, oleamide or stearamide, 
ethyienebis stearamide, a glycerol-mo no-fatty acid ester, a glycerol-dl-fatty acid ester, or a sorbitan fatty acid ester 
such as sorbitan-mono-palmitate or sorbitan-mono-stearate. or a higher alcohol represented by myristyl alcohol, cetyl 
alcohol or stearyl alcohol. 

50 [0094] The weather resistance-improving agent may, for example, be a benzotriazole type such as 2-(2*-hydroxy-3'- 
tert-butyl-5*-methylphenyl)-5-chlorobenzotriazole, a salicylate type such as2,4-dl-tert-butylphenyl-3'.5'-di-tert-butyl-4'- 
hydroxybenzoate, a benzophenone type ultraviolet absorber such as 2-hydroxy-4-n-octoxybenzophenone, or a hin- 
dered amine type weather resistance-improving agent such as tetrakis(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3,4-buta- 
netetracarboxylate. Further, white oil or silicone oil may, for example, be added. 

55 [0095] Such an additive is used preferably in an amount of at most 5 parts by weight based on 100 parts by weight 
of the block copolymer composition. 

[0098] The block copolymer or the copolymer composition of the present invention is processed into various molded 
products by a known method such as injection molding, extrusion, compression molding or vacuum molding and used 
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practically. It is preferably used in the form of a sheet or a film, and it is nnore preferably used as a heat shrinkable film 
or a heat shrinkable multilayer film. 

[0097] The singte-layer sheet and/or the single-layer film of the present invention are made of the block copolymer 
(A) and/or its copolymer composition which satisfies the conditions of the loss tangent value, and the single-layer heat 
5 shrinkable film can be obtained by orienting the single-layer sheet and/or the single-layer film, by tubular orienting or 
the like. 

[0098] As examples of the multilayer film, the multilayer sheet and the heat shrinkable multilayer film of the present 
invention, a multilayer film, a multilayer sheet and a heat shrinkable multilayer film, having a surface layer (surface 
and/or rear layer) formed by a copolymer component composed mainly of the block copolymer (A) of the present 

10 invention or a copolymer composition containing (A) as an essential component and a layer other than the surface 
layer (intermediate layer or primary coat) formed by the component (B1 ) to (B3) and/or a block copolymer comprising 
a vinyl aromatic hydrocarbon and a conjugated diene, and on the contrary, a multilayer film, a multilayer sheet and a 
heat shrinkable multilayer film having a surface layer formed by the component (B1) to (B3) and/or a block copolymer 
comprising a vinyl aromatic hydrocarbon and a conjugated diene, and a layer other than the surface layer formed by 

'5 a copolymer component composed mainly of the block copolymer (A) of the present invention or a copolymer compo- 
sition containing (A) as an essential component, may be mentioned. 

[0099] As the method for producing the heat shrinkable film and the heat shrinkable multilayer film, a known method 
may be employed. For example, the heat shrinkable film may be obtained by melting a resin in an extruder, extruding 
it by means of a die such as a T-die or a ring die to form It Into a film, and orienting the film uniaxlally, biaxlally or multi- 
20 axlally. Further, the heat shrinkable multilayer film may be obtained by laminating separately melted resins in a die, by 
means of a feed block or the like and then extruding the layer into a film, and orienting the film uniaxialiy, biaxlally or 
multi-axially. 

[0100] In the present invention, the orienting temperature is preferably from 60 to 120*'C. If it Is less than 60*^0, the 
sheet or the film is likely to break at the time of orienting, and if it exceeds 120^*0, no favorable shrinkability will be 

25 obtained. The orienting ratio is not particularly limited, but Is preferably from 1 .5 to 8 times. If It is 1 .5 times, the heat 
shrinkability tends to be inadequate, and If it exceeds 8 times, orienting tends to be difficult When such a film is used 
as a heat shrinkable label or a packaging material, the heat shrinkage factor is at least 15% at 80**C, preferably at least 
1 5% at yC'C, particularly preferably at least 20% at 70''C, in view of rapid shrinkage at a low temperature. The thickness 
of the film is preferably from 1 0 to 300 jim, more preferably from 20 to 100 ^im. 

30 [0101] The copolymer mixture forming the multilayer film or the multilayer sheet of the present invention may, for 
example, be the multilayer film, the multilayer sheet or the heat shrinkable multilayer film, or the edge generated when 
such a film is subjected to e.g. extrusion or orienting, or a pulverized product or a re-pelletized product (returned 
material) thereof. The amount of the copolymer mixture forming the multilayer film or the multilayer sheet is preferably 
at most 50 parts by weight based on 1 00 parts by weight of the block copolymer (A) which satisfies the conditions of 

55 the loss tangent value or its copolymer composition and/or the vinyl aromatic hydrocarbon copolymer (B1 ) to (B3). If 
it exceeds 50 parts by weight, decrease In transparency, impact resistance or the like of the obtained heat shrinkable 
multilayer film tends to be significant. 

[0102] Further, In the present invention, an antistatic agent or a lubricant may be coated on the surface so as to 
improve the surface properties of the obtained film. 
40 [0103] As the application of the heat shrinkable film or the thermoplastic multilayer film of the present invention, a 
heat shrinkable label, a heat shrinkable cap seal, a protective film for bottles, a pack guard shrink packaging, or an 
electrical insulating coating for e.g. capacitors and dry batteries are particulariy preferred, and further, It may be op- 
tionally used for a packaging film, a cap material and the tike. 

[0104] Now, the present invention will be explained in further detail with reference to Examples. However, It should 
45 be understood that the present invention is by no means restricted to the following Examples. 

[01 05] Methods for producing a block copolymer (composition) and the like used in Examples will be described below 
as Reference Examples. 



(1) 490 kg of cyclohexane as a polymerization solvent was charged into a reactor and maintained at dO^'C. In the 
following Examples and Comparative Examples, cyclohexane was employed as the polymerization solvent. 

(2) 1 ,300 mL of a 10 wt% cyclohexane solution of n-butylithium as a polymerization catalyst solution was prelim- 
inarily added thereto, and 1 0.5 kg of a styrene monomer was charged thereto all at once, which was subjected to 
anionic polymerization. In the following Examples and Comparative Examples, a 10 wt% cyclohexane solution of 
n-butylithium was employed as the polymerization catalyst solution. 



REFERENCE EXAMPLE 1 



50 



[0106] 
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(3) After the rate of polymerization of the styrene monomer exceeded 99%, while heating the internal temperature 
of the reaction system at 80°C, a styrene monomer in a total amount of 170.1 kg and butadiene in a total amount 
of 18.9 kg were simultaneously added at constant addition rates of 76.5 kg/h and 8.5 kg/h, respectively, and the 
state was kept as It was for 5 minutes after completion of the addition. 

(4) 10.5 kg of a styrene monomer was further added all at once to complete the polymerization. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight (as calculated as polystyrene by GPC, the same applies 
hereinafter) of 186,000 and having a polystyrene block portion and a random structure portion of styrene and 
butadiene. 

REFERENCE EXAMPLE 2 

[0107] 

15 (1 ) Into a reactor, 490 kg of the polymerization solvent and 7.4 kg of a styrene monomer were charged and main- 

tained at 30*C. 

(2) 1 ,100 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) After the styrene monomer was completely consumed, while maintaining the internal temperature of the reaction 
20 system at 50°C, 6.3 kg of butadiene was added thereto all at once, and it was successively reacted. 

(4) After the butadiene gas was completely consumed, white maintaining the internal temperature of the reaction 
system at SO'^C, a styrene monomer in a total amount of 1 73.7 kg and butadiene in a total amount of 15.1 kg were 
simultaneously added thereto at constant addition rates of 97.7 kg/h and 8.5 kg/h, respectively, and the state was 
kept as it was for 5 minutes after completion of the addition. 

25 (5) Further, 7.4 kg of a styrene monomer was added alt at once to complete the polymerization. 

(6) Finally, alt the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a molecular weight of 214,000 and having a polystyrene block portion, a block portion of polyb- 
utadiene and a random structure portion of styrene and butadiene. 

30 REFERENCE EXAMPLE 3 

[0108] 

(1) Into a reactor, 490 kg of the polymerization solvent and 84.0 kg of a styrene monomer were charged and 
35 maintained at 30** C. 

(2) 1 ,700 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) After the rate of polymerization of the styrene monomer exceeded 99%. while maintaining the internal temper- 
ature of the reaction system at 60° C, 42 kg of butadiene was added thereto all at once, and it was successively 

40 reacted. 

(4) After the rate of polymerization of the butadiene monomer exceeded 99%, after the gas was completely con- 
sumed, while maintaining the internal temperature of the reaction system at SO^'C. 84.0 kg of a styrene monomer 
was added to complete the polymerization. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
45 a polymer having a weight average molecular weight of 149,000 and having a polystyrene block portion and a 

block portion of polybutadiene. 

REFERENCE EXAMPLE 4 
so [0109] 

(1) Into a reactor, 357 kg of the polymerization solvent was charged and maintained at 80*C. 

(2) 800 mL of the polymerization catalyst solution was preliminary added thereto, and 5.4 kg of a styrene monomer 
was charged thereinto alt at once and subjected to anionic polymerization. 

55 (3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 

ature of the reaction system at 80^C, a styrene monomer in a total amount of 130.9 kg and butadiene in a total 
amount of 11 .4 kg were simultaneously added thereto at constant addition rates of 97.6 kg/h and 8.5 kg/h, respec- 
tively, and the state was kept as it was for 5 minutes after completion of the addition. 
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(4) Further, 5.4 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 205,000 and having a polystyrene block portion and a 
random structure portion of styrene and butadiene. 

5 

REFERENCE EXAMPLE 5 
[0110] 

io (1 ) Into a reactor, 490 kg of the polymerization solvent and 6.3 kg of a styrene monomer were charged and main- 

tained at SO^'C. 

(2) 1 ,620 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Afterthe styrene monomer was completely consumed, while maintaining the internal temperature of the reaction 
15 system at 50''C, 31 .5 kg of butadiene was added thereto all at once, and it was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the intemal temperature of the reaction 
system at SO^C, a styrene monomer in a total amount of 1 52.7 kg and butadiene In a total amount of 1 3.2 kg were 
simultaneously added thereto at constant addition rates of 98.3 kg/h and 8.5 kg/h. respectively, and the state was 
kept as it was for 5 minutes after completion of the addition. 

20 (5) Further, 6.3 kg of a styrene monomer was added all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a molecular weight of 146,000 and having a polystyrene block portion, a block portion of polyb- 
utadiene and a random structure portion of styrene and butadiene. 

25 REFERENCE EXAMPLE 6 

[0111] 

(1) Into a reactor, 490 kg of the polymerization solvent and 6.3 kg of a styrene monomer were charged and main- 
30 tained at30°C. 

(2) 1 ,600 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Afterthe styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
system at 80°C, a styrene monomer In a total amount of 2.6 kg and butadiene in a total amount of 22.7 kg were 

35 simultaneously added at constant addition rates of 8.0 kg/h and 72 kg/h, respectively, and the state was kept as 

it was for 5 minutes after completion of the addition. 

(4) After the styrene nnonomer and the butadiene gas were completely consumed, while maintaining the internal 
temperature of the reaction system at dO^'C, a styrene monomer in a total amount of 158.4 kg and butadiene in a 
total amount of 13.7 kg were simultaneously added thereto at constant addition rates of 98.3 kg/h and 8.5 kg/h, 

40 respectively, and the state was kept as it was for 5 minutes after completion of the addition. 

(5) Further, 6.3 kg of a styrene monomer was added all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a molecular weight of 152,000 and having a polystyrene block portion and two types of structure 
portions having different concentration proportion of styrene and butadiene. 

45 

REFERENCE EXAMPLE 7 
[0112] 

50 (1 ) Into a reactor, 490 kg of the polymerization solvent and 5.3 kg of a styrene monomer were charged and main- 

tained at SO^'C. 

(2) 1 ,620 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Afterthe styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
55 system at SC'C, 21 .0 kg of butadiene was added thereto ail at once, and it was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the intemal temperature of the reaction 
system at 80^C, a styrene monomer in a total amount of 1 55.4 kg and butadiene in a total amount of 23.1 kg were 
simultaneously added thereto at constant addition rates of 57.6 kg/h and 8.5 kg/h, respectively, and the state was 
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kept as It was for 5 minutes after completion of the addition. 

(5) After the intemal temperature was lowered to 50*'C, 5.3 kg of a styrene nnonomer was further added thereto 
all at once to complete the polymerization. 

(6) Then, all the polymerizable active tenminals were deactivated with water to obtain a polymer having a molecular 
weight of 155.000 and having a polystyrene block portion, a block portion of polybutadiene and a random structure 
portion of styrene and butadiene, as a polymer liquid A. 

(7) The same operation as for preparation of the polymer liquid A was carried out except that the amount of the 
polymerization catalyst solution was 1 .240 mL to obtain a polymer liquid B having the same molecular structure 
and having a molecular weight of 218.000. 

(8) 200 Parts by weight of the polymer liquid B was mixed with 1 00 parts by weight of the above-described polymer 
liquid A, followed by devolatilization to obtain an Intended polymer. 

REFERENCE EXAMPLE 8 



(1) Into a reactor, 525 kg of the polymerization solvent and 56.5 kg of a styrene monomer were charged and 
maintained at 30^C. 

(2) 1 ,700 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Afterthe styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
system at SO^'C, 16.9 kg of butadiene was added thereto all at once, and it was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the Intemal temperature of the reaction 
system at 80*0, a styrene monomer in a total amount of 78.3 kg and butadiene in a total amount of 1 6.9 kg were 
simultaneously added thereto at constant addition rates of 77.1 kg/h and 1 6.6 kg/h, respectively, and the state was 
kept as it was for 10 minutes after completion of the addition. 

(6) After the intemal temperature was lowered to 50*C, 56.5 kg of a styrene monomer was further added thereto 
all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a molecular weight of 1 78.000 and having a polystyrene block portion, a block portion of polyb- 
utadiene and a random structure portion of styrene and butadiene. 



REFERENCE EXAMPLE 9 
55 [0114] 

(1) Into a reactor, 385 kg of the polymerization solvent and 67.8 kg of a styrene monomer were charged and • 
maintained at SO^C. 

(2) 1 ,700 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
40 to anionic polymerization. 

(3) Afterthe styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
system at 45° C, 49.5 kg of butadiene was added thereto all at once, and It was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the intemal temperature of the reaction 
system at 60*C, 57.8 kg of a styrene monomer was added thereto to complete the polymerization. 

^5 (5) Finally, all the polymerizable active tenminals were deactivated with water to obtain a polymer liquid containing 

a polymer having a molecular weight of 118,000 and having a polystyrene block portion and a block portion of 
polybutadiene. 

REFERENCE EXAMPLE 10 



(1) Into a reactor, 490 kg of the polymerization solvent, 16.0 kg of a-methylstyrene and 68.0 kg of a styrene mon- 
omer were charged and maintained at 40*'C. 

(2) 1 ,500 mL of the polymerization catalyst solution was added thereto, and the vinyl aromatlcs monomers were 
subjected to anionic polymerization. 

(3) After the vinyl aromatic monomers were completely consumed, while maintaining the intemal temperature of 
the reaction system at 50^C, 4.2 kg of butadiene was added thereto all at once, and it was successively reacted. 



'5 [0113] 
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(4) After the butadiene gas was completely consumed, while maintaining the internal temperature of the reaction 
system at SO^'C, 1 6.0 kg of a-methylstyrene and 68.0 kg of a styrene monomer were added thereto and polymerized. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a molecular weight of 143,000 and having a polyvinyl aromatic block portion and a block portion 
of polybutadiene. 

REFERENCE EXAMPLE 11 

[0116] 



(1 ) Into a reactor, 245 kg of the polymerization solvent and 3.6 kg of a styrene monomer were charged and main- 
tained at 30*0. 

(2) 600 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected to 

anionic polymerization. 

^5 (3) Afterthe styrene monomer was completely consumed, while maintaining the internal temperature of the reaction 

system at 40''C, 8.3 kg of butadiene was added thereto all at once, and It was successively reacted. 

(4) After butadiene and the styrene monomer were completely consumed, while maintaining the Intemal temper- 
ature of the reaction system at SO^C. successively a styrene monomer in a total amount of 50.1 kg and butadiene 
in a total amount of 20.6 kg were simultaneously added thereto at constant addition rates of 57.7 kg/h and 23.7 

20 kg/h. respectively, and the state was kept as it was for 5 minutes after completion of the addition. 

(5) After the internal temperature was lowered to SO^'C, 3.6 kg of a styrene monomer was further added thereto 
all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having weight average a molecular weight of 182,000 and having a polystyrene block portion, a block 

25 portion of polybutadiene and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 12 
[0117] 

30 

(1 ) into a reactor, 490 kg of the polymerization solvent and 7.4 kg of a styrene monomer were charged and main- 
tained at SO^C. 

(2) 1 ,1 00 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

55 (3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 

ature of the reaction system at 50*C, 6.3 kg of butadiene was added thereto all at once, and it was successively 
reacted. 

(4) After the rate of polymerization of the butadiene monomer exceeded 99%, while maintaining the internal tem- 
perature of the reaction system at SO^^C, a styrene monomer In a total amount of 160.5 kg and butadiene in a total 

40 amount of 28.3 kg were simultaneously added thereto at constant addition rates of 53.5 kg/h and 9.4 kg/h, respec- 

tively, and the state was kept as it was for 5 minutes after completion of the addition. 

(5) Further, 7.4 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 214,000 and having a polystyrene block portion, a block 
portion of polybutadiene and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 13 

[0118] 

50 

(1) Into a reactor, 490 kg of the polymerization solvent and 6.3 kg of a styrene monomer were charged and main- 
tained at 30*C. 

(2) 1 ,620 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

55 (3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 

ature of the reaction system at 80**C, a styrene monomer in a total amount of 189.2 kg and butadiene in a total 
amount of 8.2 kg were simultaneously added thereto at constant addition rates of 52.0 kg/h and 2.3 kg/h, respec- 
tively, and the state was kept as It was for 5 minutes after completion of the addition. 
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(4) Further, 6.3 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(5) Rnally, alt the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 145,000 and having a polystyrene block portion and a 
random structure portton of styrene and butadiene. 

5 

REFERENCE EXAMPLE 14 
[0119] 

10 (1) Into a reactor, 525 kg of the polymerization solvent and 45.0 kg of a styrene monomer were charged and 

maintained at 30**C. 

(2) 1 ,700 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 
15 ature of the reaction system at SO^'C. 9.0 kg of butadiene was added thereto all at once, and it was successively 

reacted. 

(4) After the rate of polymerization of the butadiene monomer exceeded 99%, while maintaining the intemal tem- 
perature of the reaction system at 80°C, a styrene monomer in a total amount of 121 .2 kg and butadiene in a total 
amount of 16.1 kg were simultaneously added thereto at constant addition rates of 181.9 kg/h and 24.2 kg/h, 

20 respectively, and the state was kept as it was for 20 minutes after completion of the addition. 

(5) After the intemal temperature was lowered to 50°C, 33.8 kg of the styrene monomer was further added thereto 
all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 175,000 and having a polystyrene block portion, a block 

25 portion of polybutadiene and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 16 
[0120] 

30 

(1) Into a reactor, 625 kg of the polymerization solvent and 56,5 kg of a styrene monomer were charged and 
maintained at 30*'C. 

(2) 1 ,700 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

35 (3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 

ature of the reaction system at 30^*0, 1 9.9 kg of butadiene was added thereto all at once, and it was successively 
reacted. 

(4) After the rate of polymerization of the butadiene monomer exceeded 99%, while maintaining the Internal tem- 
perature of the reaction system at SO^'C, successively a styrene monomer In a total amount of 78.3 kg and butadiene 

40 In a total amount of 13.9 kg were simultaneously added thereto at constant addition rates of 117.5 kg/h and 20.9 

kg/h, respectively, and the state was kept as It was for 10 minutes after completion of the addition. 

(5) After the internal temperature was lowered to 50*'C, 56.5 kg of a styrene monomer was added thereto all at 
once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
45 a polymer having a weight average molecular weight of 178,000 and having a polystyrene block portion, a block 

portion of polybutadiene and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 16 
50 [0121] 

(1 ) Into a reactor, 525 kg of the polymerization solvent and 7.9 kg of a styrene monomer were charged and main- 
tained at 30°C. 

(2) 1 ,700 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
55 to anionic polymerization. 

(3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 
ature of the reaction system at 30°C, successively a styrene monomer in a total amount of 1 84.2 kg and butadiene 
in a total amount of 25.1 kg were simultaneously added thereto all at once, and polymerized while water cooling 
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was strengthened so that the temperature of the reaction system would not exceed 70°C, 

(4) After the rates of polymerization of butadiene and the styrene monomer exceeded 99% respectively, the Internal 
temperature was lowered to SO^'G, and then 7.9 kg of a styrene monomer was further added thereto all at once to 
complete the polymerization. 

(5) Finally, all the polymerizabie active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 176,000 and having a polystyrene block portion and a 
graded structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 17 

[0122] 

(1 } Into a reactor, 490 kg of the polymerization solvent and 8.4 kg of a styrene monomer were charged and main* 
tained at 30*'C. 

(2) 1 ,200 mL of a 10 wt% cyclohexane solution of n-butylithium (hereinafter referred to as polymerization catalyst 
solution) was added thereto, and the styrene monomer was subjected to anionic polymerization. 

(3) Polymerization was carried out until the rate of polymerization of the styrene monomer exceeded 99%, and 
then while maintaining the internal temperature of the reaction system at 80°C, a styrene monomer in a total 
amount of 92.4 kg and butadiene in a total amount of 11 .3 kg were simultaneously added thereto at constant 
addition rates of 61 .3 kg/h and 7.5 kg/h, respectively, and the state was kept as it was for 5 minutes after completion 
of the addition. 

(4) Polymerization was carried out until the rate of polymerization of butadiene exceeded 99%, and then while 
maintaining the Internal temperature of the reaction system at 80^C, 24.4 kg of butadiene was added thereto all 
at once, and it was successively reacted. 

(5) 73.5 kg of a styrene monomer was further added thereto all at once to complete the polymerization. 

(6) Finally, all the polymerizabie active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a polybutylene block portion, a block portion of polybutadiene and a random structure portion of 
styrene and butadiene. 

REFERENCE EXAMPLE 18 

[0123] 

(1) Into a reactor, 490 kg of the polymerization solvent and 8.4 kg of a styrene monomer were charged and main- 
tained at SO'C. 

(2) 1 ,830 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Polymerization was carried out until the rate of polymerization of the styrene monomer exceeded 99%, and 
then while maintaining the internal temperature of the reaction system at 80*'C, a styrene monomer in a total 
amount of 113.4 kg and butadiene in a total amount of 10.1 kg were simultaneously added thereto at constant 
addition rates of 75.2 kg/h and 6.7 kg/h, respectively, and the state was kept as it was for 5 minutes after completion 
of the addition. 

(4) Polymerization was carried out until the rate of polymerization of butadiene exceeded 99%, and then while 
maintaining the internal temperature of the reaction system at 80''C, 25.6 kg of butadiene was added thereto all 

at once, and it was successively reacted. 

(5) 52.6 kg of a styrene monomer was further added thereto all at once to complete the polymerization. 

(6) Finally, all the polymerizabie active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a polybutylene block portion, a block portion of polybutadiene and a random structure portion of 
styrene and butadiene. 

REFERENCE EXAMPLE 19 

[0124] 

(1) Into a reactor 490 kg of cyclohexane as the polymerization solvent was charged and maintained at SO^C. 

(2) 820 mL of the polymerization catalyst solution, 35 g of potassium tert-butoxide as a randomizing agent and 70 
g of tetrahydrofuran were preliminarily added thereto, and 9.5 kg of a styrene monomer was charged thereto all 
at once, and anionic polymerization was carried out until the rate of polymerization of the styrene monomer ex- 
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ceeded 99%. 

(3) While maintaining the internal temperature of the reaction system at 80*^0, 37.8 kg of a styrene monomer and 
1 .7 kg of butadiene were simuttaneously charged thereto, and maintained until the rates of polymerization of the 
styrene monomer and butadiene exceeded 99%. This operation was repeated five times in total. 

(4) Further, 3.2 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(5) Finally, all the potymerizable active tenninals were deactivated with water to obtain a polymer liquid containing 
a polymer having a polystyrene block portion and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 20 

[0125] 



(1) Into a reactor. 368 kg of the polymerization solvent and 6.3 kg of a styrene monomer were charged and main- 
tained at 30*^C. 

15 (2) 91 0 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected to 

anionic polymerization. 

(3) Polymerization was carried out until the rate of polymerization of the styrene monomer exceeded 99%, and 
then while maintaining the internal temperature of the reaction system at 80*'C, a styrene monomer in a total 
amount of 101.1 kg and butadiene In a total amount of 14.2 kg were simultaneously added thereto at constant 

20 addition rates of 67.1 g/h and 9.5 kg/h, respectively, and the state was kept as it was for 5 minutes after completion 

of the addition. 

(4) Polymerization was carried out until the rate of polymerization of butadiene exceeded 99%, and then while 
maintaining the internal temperature of the reaction system at 80^C, 12.6 kg of butadiene was added thereto all 
at once, and it was successively reacted. 

^5 (5) Further, 23.7 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a polystyrene block portion, a block portion of polybutadlene and a random structure portion of 
styrene and butadiene. 

30 REFERENCE EXAMPLE 21 

[0126] 

(1) Into a reactor, 490 kg of the polymerization solvent and 8.4 kg of a styrene monomer were charged and main- 
55 tained at 30*»C. 

(2) 1 ,650 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Polymerization was carried out until the. rate of polymerization of the styrene monomer exceeded 99%, and 
then while maintaining the internal temperature of the reaction system at SO'^C, a styrene monomer in a total 

40 amount of 92.4 kg and butadiene in a total amount of 11 .3 kg were simultaneously added thereto at constant 

addition rates of 61 .3 kg/h and 7.5 kg/h, respectively, and the state was kept as it was for 5 minutes after completion 
of the addition. 

(4) Polymerization was carried out until the rate of polymerization of butadiene exceeded 99%, and then while 
maintaining the Internal temperature of the reaction system at SO^'C, 24.4 kg of butadiene was added thereto all 

45 at once, and It was successively reacted. 

(5) Further, 73.5 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a polystyrene block portion, a block portion of polybutadlene and a random structure portion of 
styrene and butadiene. 

50 

REFERENCE EXAMPLE 22 
[0127] 

55 (1 ) Into a reactor, 490 kg of the polymerization solvent and 6.3 kg of a styrene monomer were charged and main- 

tained at 30*' C. 

(2) 1 ,620 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 
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(3) After the rate of polymerization of the styrene monomer exceeded 99%, while maintaining the internal temper- 
ature of the reaction system at SO^'C, 34.6 kg of butadiene was added thereto all at once, and it was successively 

reacted. 

(4) After the rate of polymerization of the butadiene monomer exceeded 99%, while maintaining the internal tem- 
5 perature of the reaction system at 80''C, a styrene monomer in a total amount of 1 56.0 kg and butadiene in a total 

amount of 6.8 kg were simultaneously added thereto at constant addition rates of 52.0 kg/h and 2.3 kg/h, respec- 
tively, and the state was kept as It was for 5 minutes after completion of the addition. 

(5) Further, 6.3 kg of a styrene monomer was added thereto all at once to complete the polymerization, 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
10 a polymer having a weight average molecular weight of 146,000 and having a polystyrene block portion, a block 

portion of polybutadiene and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 23 
15 [0128] 

(1) Into a reactor, 490 kg of cyclohexane as the polymerization solvent was charged and maintained at 80**C. 

(2) 1 ,650 mL of a 10 wt% cyclohexane solution of n-butylithium as the polymerization catalyst solution, 35 g of 
potassium tert-butoxide as a randomizing agent and 70 g of tetrahydrofuran were preliminarily added thereto, and 

20 10.5 kg of a styrene monomer was charged thereto all at once and subjected to anionic polymerization until the 

rate of polymerization of the styrene monomer exceeded 99%. 

(3) Then, while maintaining the internal temperature of the reaction system at 80*C, 34 kg of a styrene monomer 
and 3.8 kg of butadiene were simultaneously charged thereto, and maintained until the rates of polymerization of 
the styrene monomer and butadiene exceeded 99% respectively. This operation was repeated five times in total, 

25 (4) Further, 10.5 kg of a styrene monomer was added thereto all at once to complete the polymerization. 

(5) Finally, all the polymerizable active temiinals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 159,000 and having a polystyrene block portion and a 
random structure portion of styrene and butadiene. 

30 REFERENCE EXAMPLE 24 

[0129] 

(1) Into a reactor, 525 kg of the polymerization solvent and 8.4 kg of a styrene monomer were charged and main- 
35 tained at SCO. In the following Examples and Comparative Examples, cyclohexane was employed as the polym- 
erization solvent. 

(2) 1 ,240 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. In the following Examples and Comparative Examples, a 10 wt% cyclohexane solution 
of n-butylithium was employed as the polymerization catalyst solution. 

40 (3) After the styrene monomer was completely consumed, while maintaining the internal temperature of the reaction 

system at 30°C, 14,7 kg of butadiene was added thereto all at once, and it was successively reacted. 

(4) After the butadiene gas was connpletely consumed, while maintaining the Internal temperature of the reaction 
system at 80°C, successively a styrene monomer in a total amount of 155.3 kg and butadiene in a total amount 
of 23.2 kg were simultaneously added thereto at constant addition rales of 56.9 kg/h and 8.5 kg/h, respectively, 

^5 and the state was kept as it was for 1 0 minutes after completion of the addition, 

(6) After the internal temperature was lowered to 60**C, 8.4 kg of a styrene monomer was further added thereto 
all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight (value as calculated as polystyrene by GPC. the same applies 
50 hereinafter) of 204,000 and having a polystyrene block portion, a block portion of polybutadiene and a random 

structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 25 

55 [0130] 

(1 ) Into a reactor, 490 kg of the polymerization solvent and 8,4 kg of a styrene monomer were charged and main- 
tained at 30''C. 
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« 

(2) 1 ,990 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) After the styrene monomer was completely consumed, while maintaining the Internal temperature of the reaction 
system at SC'C, 22.1 kg of butadiene was added thereto all at once, and it was successively reacted. 

5 (4) After the butadiene gas was completely consumed, while maintaining the Intemal temperature of the reaction 

system at 80*'C, successively a styrene monomer in a total amount of 157.5 kg and butadiene in a total amount 
of 13.7 kg were simultaneously added thereto at constant addition rates of 97.7 kg/h and 8.5 kg/h. respectively 
and the state was kept as It was for 5 minutes after completion of the addition. 

(5) After the internal temperature was lowered to 50**C, 8.4 kg of a styrene monomer was further added thereto 
10 ail at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 127,000 and having a polystyrene block portion, a block 
portion of polybutadiene and a random structure portion of styrene and butadiene. 

15 REFERENCE EXAMPLE 26 

[0131] 

(1) Into a reactor, 526 kg of the polymerization solvent and 8.4 kg of a styrene monomer were charged and main- 
20 tained at SO^C. 

(2) 1 ,680 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) After the styrene monomer was completely consumed, white maintaining the intemal temperature of the reaction 
system at SO^'C, 8.5 kg of butadiene was added thereto all at once, and it was successively reacted. 

25 (4) After the butadiene gas was completely consumed, while maintaining the intemal temperature of the reaction 

system at SO^'C, successively a styrene monomer in a total amount of 162.0 kg and butadiene in a total amount 
of 22.7 kg were simultaneously added thereto at constant addition rates of 60.7 kg/h and 8.5 kg/h, respectively, 
and the state was kept as it was for 10 minutes after completion of the addition. 

(5) After the internal temperature was lowered to 50*'C, 8.4 kg of a styrene monomer was further added thereto 
30 ail at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 151 ,000 and having a polystyrene block portion, a block 
portion of polybutadiene and a random structure portion of styrene and butadiene. 

35 REFERENCE EXAMPLE 27 

[0132] 

(1) Into a reactor, 525 kg of the polymerization solvent and 71.7 kg of a styrene monomer were charged and 
40 maintained at 30*C. 

(2) 2,120 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) After the styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
system at .dO^'C, 25.3 kg of butadiene was added thereto all at once and it was successively reacted. 

45 (4) After the butadiene gas was completely consumed, while maintaining the internal temperature of the reaction 

system at 30°C, 107.5 kg of a styrene monomer and 6.3 kg of butadiene were further added thereto all at once to 
complete the polymerization. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 119,000 and having a polystyrene block portion, a block 
50 portion of polybutadiene and a graded structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 28 

[0133] 



55 



(1 ) Into a reactor, 525 kg of the polymerization solvent and 8.4 kg of a styrene monomer were charged and main- 
tained at 30*^0. 

(2) 1 ,830 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
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to anionic polymerization. 

(3) After the styrene monomer was completely consumed, while maintaining the internal temperature of the reaction 
system at 30''C, 8.5 kg of butadiene was added thereto all at once> and it was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the intemal temperature of the reaction 
5 system at 80**C, successively a styrene monomer in a total amount of 162.0 kg and butadiene in a total amount 

of 22.7 kg were simultaneously added thereto at constant addition rates of 60.7 kg/h and 8.5 kg/h, respectively, 
and the state was kept as it was for 1 0 minutes after completion of the addition. 

(5) After the internal temperature was lowered to SO^'C, 8.4 kg of a styrene monomer was further added thereto 
all at once to complete the polymerization. 

10 (6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 

a polymer having a weight average molecular weight of 1 39,000 and having a polystyrene block portion, a block 
portion of polybutadiene and a random structure portion of styrene and butadiene. 

REFERENCE EXAMPLE 29 

15 

[0134] 

(1) Into a reactor. 525 kg of the polymerization solvent and 71.7 kg of a styrene monomer were charged and 
maintained at 30**C. 

20 (2) 1 ,420 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 

to anionic polymerization. 

(3) After the styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
system at SO'^C, 31 .6 kg of butadiene was added thereto all at once, and it was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the Intemal temperature at 50*^0, 1 07.5 
25 kg of a styrene monomer was further added thereto all at once to complete the polymerization. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 1 82,000 and divided into a polystyrene block portion and 
a polybutadiene block portion. 

30 REFERENCE EXAMPLE 30 

[0135] 

(1) Into a reactor. 525 kg of the polymerization solvent and 31.5 kg of a styrene monomer were charged and 
55 maintained at 30® C. 

(2) 1 ,020 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Afterthe styrene monomer was completely consumed, while maintaining the intemal temperature of the reaction 
system at dO^'C, 1 6.8 kg of butadiene was added thereto all at once, and it was successively reacted. 

40 (4) Afterthe butadiene gas was completely consumed, while maintaining the intemal temperature of the reaction 

system at 80^C, successively a styrene monomer in a total amount of 134.4 kg and butadiene In a total amount 
of 18.9 kg were simultaneously added thereto at constant addition rates of 60.4 kg/h and 8.5 kg/h, respectively, 
and the state was kept as it was for 10 minutes after completion of the addition. 

(5) After the internal temperature was lowered to SO^'C, 8.4 kg of a styrene monomer was further added thereto 
4S all at once to complete the polymerization. 

(6) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
a polymer having a weight average molecular weight of 252,000 and having a polystyrene block portion, a block 
portion of polybutadiene and a random structure portion of styrene and butadiene. 

so REFERENCE EXAMPLE 31 

[0136] 

(1) Into a reactor, 525 kg of the polymerization solvent and 86.1 kg of a styrene monomer were charged and 
S5 maintained at 30°C. 

(2) 5,1 00 mL of the polymerization catalyst solution was added thereto, and the styrene monomer was subjected 
to anionic polymerization. 

(3) Afterthe styrene monomer was connptetely consumed, while maintaining the intemal temperature of the reaction 
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system at 30*'C, 37.8 kg of butadiene was added thereto all at once, and it was successively reacted. 

(4) After the butadiene gas was completely consumed, while maintaining the internal temperature at 50**C. 86.1 
kg of a styrene monomer was further added thereto all at once to complete the polymerization. 

(5) Finally, all the polymerizable active terminals were deactivated with water to obtain a polymer liquid containing 
5 a polymer having a weight average molecular weight of 49,000 and divided into a polystyrene block portion and 

a polybutadiene block portion. 

REFERENCE EXAMPLE 32 
10 [0137] 

(1) Into an autoclave equipped with a stirrer having an internal capacity of 250 L, 120 kg of pure water, 120 g of 
tribasic calcium phosphate as a dispersion stabilizer, 0. 1 2 g of potassium persutfate and 0.06 g of sodium dodecyl- 
benzenesulfonate were added and stirred at 1 00 rpm. 
15 (2) Then, a solution having 70 kg of styrene, 15 kg of methyl methacrylate, 15 kg of n-butyl acrylate, 200 g of t- 

butylperoxy-2-ethylhexanoate and 50 g of 1,1-bis(t-hexylperoxy)3,3,5-trlmethylcyclohexane as initiators, and 50 
g of a-methylstyrene dimer as a chain transfer agent mixed therein, was charged thereto, the autoclave was sealed, 
and polymerization was carried out at 90^*0 for 6 hours and at 120°C for 2 hours. 

(3) Beads obtained by the polymerization were neutralized, washed, dehydrated and dried, and then a copolymer 
20 resin in the form of pellets was obtained by using an extruder. The weight average molecular weight was 260,000. 

REFERENCE EXAMPLE 33 

[0138] 

25 

(1) To an autoclave having a capacity of 200 L, 115 kg of pure water, 500 g of potassium oleate, 75 g of sodium 
pyrophosphate, 1 .5 g of ferrous sulfate. 2.2 g of sodium ethylenediaminetetraacetate and 22 g of Rongalite were 
added and uniformly dissolved with stirring. 

(2) Then, 20.0 kg of styrene, 30.0 kg of butadiene, 148 g of t-dodecylmercaptan, 30 g of divinylbenzene and 96 g 
30 of diisopropylbenzene hydroperoxide were added thereto, and reaction was carried out with stirring at 50**C for 1 6 

hours to complete the polymerization, and a rubber polymer latex was obtained. 

(3) To the obtained rubber-like polymer latex. 45 g of sodium sulfosuccinate was added for adequate stabilization, 
and then a 0.2% hydrochloric acid aqueous solution and a 2% caustic acid aqueous solution were added thereto 
from separate nozzles while maintaining the pH of the latex at from 8 to 9, by adjusting the addition rates, stirring 

35 rate and the tike, for agglomeration and enlargement of latex to obtain a rubber-like elastic body latex having an 

average particle size of 0,35 

(4) 30 kg of the rubber-like elastic body latex as calculated as a solid content was weighed and transferred to an 
autoclave having a capacity of 200 L, 80 kg of pure water was added thereto, and the temperature was raised to 
SO'^C In a stream of nitrogen while stirring. 

40 (5) 2 kg of pure water having 1 .25 g of ferrous sulfate, 2.5 g of sodium ethylenediaminetetraacetate and 100 g of 

Rongalite dissolved therein was added thereto, and a mixture comprising 16 kg of styrene, 14 kg of methyl meth- 
acrylate and 60 g of t-dodecylmercaptan, and a solution having 120 g of diisopropylbenzene hydroperoxide dis- 
persed in 8 kg of pure water containing 450 g of potassium oleate. were separately added thereto continuously 
over a period of 6 hours. 

(6) After completion of the addition, the temperature was raised to 70*'C, 30 g of diisopropylbenzene hydroperoxide 
was added thereto, and then the mixture was left to stand for 2 hours to complete the polymerization. 

(7) An antioxidant was added to the obtained emulsion, the solid content was diluted to 15% with pure water, then 
the temperature was raised to eo^'C, and diluted sulfuric acid was added thereto with vigorously stirring for salting- 
out, and the temperature was raised to 90^0 for solidification. 

50 (8) Finally, dehydration, washing with water and drying were carried out to obtain a powder type graft copolymer. 

[0139] The refractive index was 1.548 as calculated from the composition of the monomer units constituting the 
obtained graft copolymer. 

[0140] Each of the polymers of Reference Examples, Examples and Comparative Examples In a solution state was, 
55 after preliminary concentration of the polymerization solvent by itself or in a mixed state in a predetermined weight 
ratio, subjected to devolatillzation treatment by means of a vent type extruder and fonned into pellets, which were 
subjected to granulation with the composition as it was or after melt-mixed again with a polymer of another Reference 
Example or the tike, and subjected to the following tests. 
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[0141] Further, for some of the compositions and the multilayer films of Examples and Comparative Examples of the 
present invention, in addition to e.g. the block copolymers of e.g. Reference Examples, a general purpose polystyrene 
having a weight average molecular weight of 270,000, high-impact polystyrene (manufactured by TOYO-STYRENE 
CO., LTD.: E640N) or a SBS resin (manufactured by Denki Kagaku Kogyo K.K.: CLEAREN 730L) was employed. The 
5 data of the weight average molecular weight and dynamk: viscoelasticity regarding CLEAREN 730L is shown in Table 
22. 

[0142] In a case where the block copolymer (composition) of the present Invention and these resins were combined 
to fomn a composition, a method of melt-kneading pellets to form a pellet-form resin composition again was employed. 
[0143] Of each of the block copolymers (compositions) of Reference Examples, Examples and Comparative Exam- 
^0 pies, the molecular weight, the refractive index, the temperature dependency of dynamic viscoelasticity behavior, the 
heat shrinkage factor, the spontaneous shrinkage factor and Haze (cloudiness) were measured by the following meth- 
ods depending upon the purpose. 

Measurement of molecular weight 

15 

[0144] The weight average molecular weight was measured by means of the following GPC measuring apparatus 
under the following conditions. 

Apparatus: "SYSTEM-21 Shodex (Showa Denko K.K.) 
20 Column: three columns of PL gel MIXED-B in series 

Temperature: 40" C 
Detection: differential refractive index 
Solvent: tetrahydrofuran 
Concentration: 2 wt% 

25 

[0145] Analytical curve: prepared by using standard polystyrene (manufactured by PL), and the weight average 
molecular weight was represented as calculated as polystyrene. 

[0146] The weight average molecular weight of the aromatic hydrocarbon block incorporated in the block copolymer 
obtained as the case requires, is a value obtained by GPC measurement of the vinyl aromatic hydrocarbon polymer 
30 component obtained by ozonolysis of the block copolymer [Y. TANAKA, et al., RUBBER CHEMISTRY AND TECH- 
NOLOGY, 58, 16 (1985)] and calculation in accordance with the above method. 

Measurement of dynamic viscoelasticity 

35 [0147] The loss tangent value of each of the polymers (compositions) of Reference Examples, Examples and Com- 
parative Examples was measured by means of dynamic viscoelasticity method in accordance with the following pro- 
cedure. 

(1 ) Pellets of each polymer were pressed under heating at from 200 to 250*C to prepare a sheet having a thickness 
40 of from 0.1 to 0.5 mm. 

(2) From this sheet, a test specimen having an appropriate size was cut out, stored In a room at 23**C at 50% RH 
for at least 24 hours to carry out curing treatment, and then the storage elastic modulus and loss elastic modulus 
characteristic to the polymer in the form of the test specimen were measured by using the following apparatus 
while changing the temperature, and the loss tangent value was calculated. 

45 

Apparatus: solid viscoelasticity measuring apparatus RSA2 manufactured by Rheometrics 
Temperature range: room temperature to 130**C 
Temperature-raising rate: 4**C/min 
Measurement frequency: 1 Hz 

50 

Measurement of refractive index 

[0148] The refractive index of the polymer produced in Reference Example 32 was measured in accordance with 
the following procedure. 

55 

(1) A test specimen having a size of 120 mm x 120 mm x 2 mm was formed by means of an injection molding 
machine (IS-80CVN) manufactured by TOSHIBA MACHINE CO. LTD. at a cylinder temperature of 220*C. 

(2) Using the test specimen, the refractive Index was measured by using thefollowing apparatus under the following 
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conditions in accordance with JIS K7105. 

Apparatus: digital retractometer RX-2000 manufactured by ATAGO CO., LTD. 
Temperature: 25*C 

5 

[01491 The refractive index of the copolymer resin at 25*'C was 1 .561 . 

[0150] As It is difficult to actually measure the refractive Index of the graft copolymer of Reference Example 33. In 
the present specification, the compositional ratio of the monomer units constituting the graft copolymer is measured 
by means of composition analysis, and the refractive index is obtained by calculation by means of the following formula: 

10 

N=XA X nA+XB x nB^-XC x nC+". 

[0151] Namely, in a case where the composition of the monomer units constituting the graft copolymer comprises 
15 an Am monomer: XA, a Bm monomer: XB and a Cm monomer XC (provided that XA+XB+XC=1 by the weight ratio), 
it is presumed that nA means the refractive index of the polymer consisting of the Am monomer, nB means the refractive 
index of the polymer consisting of the Bm monomer, and nC means the refractive Index of the polymer consisting of 
the Cm monomer, and the refractive index of the copolymer is obtained by calculation by assigning these values to 
the above formula. The refractive index as calculated from the composition of the monomer units constituting the 
20 obtained graft copolymer was 1 .548. 

[01 52] An oriented film for measurement of the heat shrinl<abiiity and spontaneous shhnlcability of the heat shrinkabie 
film made of the block copolymer (composition) of the present invention was prepared In accordance with the following 
procedure. 

25 (1 ) Pellets in each of Examples and Comparative Examples were formed into an extruded sheet having a thickness 

of 0.25 mm by means of the following apparatus® . and a sheet piece of 9 cm square was cut out from the sheet 
along the extrusion direction axis (the direction along the extrusion axis will be referred to as "MD direction", and 
the direction perpendicular to the MD direction will be referred to as "TD direction"). 

(2) The sheet piece was oriented five times In the TD direction while heating at a predetermined temperature as 
30 identified In each of Tables 4 to 12 by means of the following apparatus® to prepare a heat shrinkabie film. 

[0153] ApparatusQ : 40 mmt^ single axis extruder VE40 (with aT-<lie with a width of 40 cm) manufactured by Tanabe 
Plastb Kikal K.K. 

[0154] Apparatus^) : biaxial orienting machine manufactured by Toyo Seikl K.K. 
35 [01 55] A heat shrinkabie multilayer film was prepared in such a manner that a multilayer sheet with a predetermined 
layer constitution with a thickness of 0.25 mm was obtained by means of a multilayer sheet extruder with feed block, 
and the multilayer sheet was oriented in the same manner as for a single layer oriented film. 

Measurement of film formation property 

40 

[0156] The film fonmation property of each of the resin compositions of Examples and Comparative Examples was 
judged as follows by visually observing the state (surface roughening, presence or absence of striped patterns) of the 
surface of the oriented film. 

45 O: favorable film formation property with no surface roughening or striped pattem observed 

A: slight surface roughening or striped pattem observed 

X: inadequate Improvement with surface roughening or striped pattem confimried 
Measurement of heat shrinkage factor 

so 

[0157] The heat shrinkage factor of the obtained oriented film was measured by the following method. 

(1) A test specimen having a size of 10 mm in the MD direction and 120 mm in the TD direction was cut out from 
the oriented film. 

55 (2) Marked lines with an interval of 1 00.0 mm were drawn in the TD direction of the test specimen. 

(3) The lest specimen was immersed in wami water of 70*C for 30 seconds and taken out. The attached moisture 
was wiped out, and the distance L between the marked lines was measured by means of a caliper down to 0.1 mm. 

(4) The heat shrinkage factor was calculated by the following formula. A heat shrinkage factor of at least 1 5% was 
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used as a guide for practical use: 

Heat shrinkage factor (%)={( 1 00.0-Lyi 00.0} x 1 00 

5 

Measurement of spontaneous shrinkage factor 

[01 58] The spontaneous shrinkage factor of the oriented film was measured by the following method. 

10 (1) From an oriented film prepared under the same conditions as for the oriented film, the heat shrinkage factor 

of which was measured, a test specimen having a size of about 75 mm in the MD direction and about 400 mm in 
the TD direction was cut out, 

(2) Mari^ed lines with an interval of 300.0 mm were drawn in the TD direction of the test specimen. 

(3) The oriented film was stored In an environmental testing machine of 30*C. 

15 (4) After storage of 30 days, the film was taken out, and the distance L (mm) between the marked lines was 

measured by means of a caliper down to 0.1 mm. 

(5) The spontaneous shrinkage factor was calculated from the following formula. A spontaneous shrinkage factor 
not exceeding 1 .5% relative to a conventional material was employed as a guideline of improvement: 

20 

Spontaneous shrinkage factor (%)={(300.0- 
L)/300.0}x100 

25 Measurement of cloudiness 

[0159] The cloudiness of the oriented film was measured by means of the following apparatus in accordance with 
ASTM D1003. 

[0160] Apparatus: Haze meter NDH-1001DP model manufactured by Nippon Denshoku Industries Co., Ltd. 

30 

EXAMPLES 

[0161] As Examples 1 to 57 and Comparative Examples 1 to 12. using each of the block copolymers as Identified in 
the above Reference Examples 1 to 31 by itself, as a composition with a product of another Reference Example or as 
35 a composition with another resin, or each of the vinyl aromatic hydrocarbon polymers of Reference Examples 32 and 
33, formation was carried out by the following method into each of formulations as Identified in Tables 1 to 21 , and the 
physical properties were evaluated. The evaluation results are also shown in Tables 1 to 21 . 

[0162] As evident from the results shown in Tables, in Examples regarding the block copolymer (composition) of the 
present Invention and a film made of it, the low temperature shrinkabillty, the spontaneous shrinkage resistance, the 

40 range of the orienting conditions and the outer appearance were excellent, whereas in comparison regarding a com- 
position and a film which do not satisfy the conditions of the present invention, any of low temperature shrinkabillty, 
spontaneous shrinkage resistance, film fonnation property and the outer appearance of the film was poor. 
[01 63] In Tables 1 to 4, Examples wherein the heat shrinkage factor and the spontaneous shrinkage factor of a heat 
shrinkable film and a heat shrinkable multilayer film made of a block copolymer comprising a vinyl aromatic hydrocarbon 

45 and a conjugated diene wherein the loss tangent value by dynamic viscoelasticity measurement has at least one 
maximum value within a temperature range of from 60 to 1 1 0^C, the loss tangent value at a temperature lower by 1 0**C 
than the lowest temperature for the maximum value is at most 40% of the highest maximum value, and the loss tangent 
value at a temperature lower by SCC than the lowest temperature for the maximum value is at most 1 0% of the highest 
maximum value, were measured, are shown, and Comparative Examples are also shown. 

so [0164] By comparison among measured values in Tables 1 to 4, it Is found that the block copolymer which satisfies 
conditions of the dynamic viscoelasticity behaviors, the heat shrinkable film and the heat shrinkable multilayer film 
made of the composition, satisfy favorable heat shrinkabillty and spontaneous shrinkage resistance. 
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[0165] In Tables 5 to 9, Examples wherein the heat shrinkage factor, the spontaneous shrinkage factor and the 
cloudiness of a block copolymer comprising a vinyl aromatic hydrocarbon and a conjugated diene, wherein the loss 
tangent value by dynamic viscoelasticity measurement has at least one maximum value within a range of from 60 to 
1 lO^'C, the loss tangent value at a temperature lower by 10^*0 than the lowest temperature for the maximum value is 
5 at most 40% of the highest maximum value, and the loss tangent value at a temperature lower by 30*'C than the lowest 
temperature for the maximum value is at most 10% of the highest maximum value, and a heat shrinkable film and a 
heat shrinkable multilayer film made of the spectfte composition, were measured, are shown, and Comparative Exam- 
ples are also shown. 

[0166] By comparison among values in Tables 5 to 9, it is found that the block copolymer which satisfies the conditions 
10 of the dynamic viscoelasticity behaviors, and the heat shrinkable film and the heat shrinkable multilayer film made of 
the specific composition, satisfy transparency while they have favorable heat shrinkabillty and spontaneous shrinkage 
resistance. 
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[0167] For evaluation of the heat shrinkable (multilayer) film made of the block copolymer (composition) which sat- 
isfies conditions regarding the specific molecular structure and molecular weight, the weight average molecular weight 
of the random copolymer segment of the block copolymer used as a raw material, the weight average molecular weight 
of the whole and the weight average molecular weight of the polymer component whteh shows a highest peak after 
ozonolysis, are shown as Reference Examples in Table 1 0. 

[0168] In Tables 11 and 12, Examples wherein the heat shrinkage factor, the spontaneous shrinkage factor and the 
film fonnation property of a block copolymer cx)mprtsing a vinyl aromatic hydrocarbon and a conjugated diene, wherein 
the weight average molecular weights of the random copolymer segment in the block copolymer, the whole and the 
polymer component which shows a maximum peak after ozonolysis are within specific ranges, the loss tangent value 
by dynamic viscoelasticity measurement has at least one maximum value within a range of from 60 to 110**C, the loss 
tangent value at a temperature lower by lO^C than the lowest temperature for the maximum value is at most 40% of 
the highest maximum value, and the loss tangent value at a temperature lower by SO^'C than the lowest temperature 
for the maximum value Is at most 1 0% of the highest maximum value, and a heat shrinkable film and a heat shrinkable 
multilayer film made of the specific composition, were measured, are shown. 
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[0169] From the values shown in Tables 11 and 12. It is found that the block copolymer which satisfies the weight 
average molecular weight of the molecules and the conditions of the dynamic viscoelasticity behaviors, and the heat 
shrinkable film and the heat shrinkable multilayer film made of the specific composition, satisfy favorable film formation 
property while they have favorable heat shrinkabi'lity and spontaneous shrinkage resistance. 

[01 70] Further, from values shown in Tables 1 1 and 1 2. it is found that the heat shrinkable film and the heat shrinkable 
multilayer film made of a composition comprising block copolymers having a difference in temperature for the maximum 
and the highest loss tangent value of at least 3**C, selected among the block copolymers which show specifte dynamic 
viscoelasticity behaviors, have a wide range of the temperature for film formation and satisfy favorable film formation 
property, while they have favorable heat shrinkability and spontaneous shrinkage resistance. 
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[0171] For evaluation of the heat shrinkable (mulUlayer) film made of block copolymer compositions having different 
dynamic viscoelasticlty behaviors to the temperature, the temperature at which the loss tangent value of the block 
copolymer used as a raw material reaches the maximum and highest value, the loss tangent value at a temperature 
lower by IC'C than the temperature for the highest value and its proportion to the highest value, and the loss tangent 
value at a temperature lower by 30** C and its proportion to the highest value, are shown as Reference Examples in 
Table 1 3. As evident from this Table, it is found that the dynamk: viscoelasticity behaviors of each of the block copolymers 
of Reference Examples are within specific ranges relative to a temperature change. 

[0172] In Tables 14 to 1 6. the combination and the fonmulatton proportion of block copolymers having different dy- 
namb viscoelasticity behaviors to the temperature, and the difference in temperature at which the loss tangent value 
of each of the block copolymer components reaches the highest and maximum value, are shown and further, Examples 
wherein the heat shrinkage factor and the spontaneous shrinkage factor of a heat shrinkable film and a heat shrinkable 
multilayer film were measured while changing the orienting temperature are shown, and Comparative Examples are 
also shown. 

[0173] By comparison of values in Tables 1 4 to 1 6, it is found that the heat shrinkable film and the heat shrinkable 
multilayer film made of a composition comprising block copolymers having a difference in temperature at which the 
loss tangent value reaches the maximum and highest value of at least S^'C, selected among the block copolymers 
whbh show specific dynamk: viscoelasticity behaviors, have a wide range of the temperature for film formation and 
satisfy favorable film formation property, while they have favorable heat shrinkability and spontaneous shrinkage re- 
sistance. 

Table 13 





Ref. Ex. 22 


Ref. Ex. 23 


Temperature at which loss tangent value reaches the maximum and highest value: T 

ro 


92.6 


81.2 


Highest loss tangent value at temperature T: X 


2.42 


2.76 


Loss tangent value at a temperature lower by 1 0^C than temperature T: Y 


0.752 


0.612 


Loss tangent value at a temperature lower by 30^C than temperature T: Z 


0.1440 


0.0452 


Y/XxlOO (%) 


31.1 


22.2 


Z/Xx100(%) 


5.95 


1.64 
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[0174] For evaluation of the heat shrinkable (multilayer) film made of block copolymer compositions having different 
weight average molecular weights, the temperature at which the loss tangent value of the block copolymer used as a 
part of raw materials reaches the maximum and highest value, the loss tangent value at a temperature lower by 10°C 
than the temperature for the highest value and its proportion to the highest value, and the loss tangent value at a 
5 temperature lower by 30^*0 and its proportion to the highest value, are shown as Reference Examples in Table 17. 
From this Table, it is found that the dynamic viscoelasticity behaviors of each of the block copolymers in Reference 
Examples are within specific ranges relative to the temperature change. 

[0175] The dynamic viscoelasticity behaviors of the composition composed mainly of block copolymers having dif- 
ferent weight average molecular weights, and the outer appearance at the time of film formation, the heat shrinkage 
10 factor and the spontaneous shrinkage factor of a heat shrinkable (multilayer) film fomned by orientation while changing 
the temperature, were measured and are shown in Tables 18 to 21 as Examples. 

[0176] From the results shown in Tables 18 to 21, it is found that the composition of the block copolymers which 
have a certain difference in the weight average molecular weight and which satisfy the standards of the dynamic 
viscoelasticity, Is excellent in spontaneous shrinkability while It has favorable film formation property and low temper- 
15 ature heat shrinkability. 
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Weight average molecular weight of (A) (Mw1) 


180,000 
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Table 22 (continued) 
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Weight average molecular weight of (B) (Mw2) 


70.000 


iy/lw2/Mw1 


0.39 


Temperature at which loss tangent value reaches a maximum value at a temperature of 
at least 60^C: T(*^C) 


107 


Loss tangent value at temperature T: X 


1.5 


Loss tangent value at a temperature lower by 1 0^C than temperature T: Y 


0.59 


Loss tangent value at a temperature lower by 30**C than temperature T: Z 


0.19 


Y/XX100(%) 


39.3 


Z/XX100(%) 


12.7 
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INDUSTRIAL APPLICABILITY 

[0177] The block copolymer wherein the loss tangent value obtained by dynamic viscoelastlcity measurement has 
a specific relation to the temperature, and the heat shrinkable (multilayer) film composed mainly of the copolymer 
composition containing the block copolymer as an essential component of the present invention, have remarkably 
improved spontaneous shrinkage resistance without their original heat shrinkability being impaired, and are suitable 
for e.g. a heat shrinkable label, a heat shrinkable cap seal, a protective film for bottles, a pack guard shrink packaging, 
or an electrical Insulating coating for e.g. capacitors and dry batteries. 



Claims 

30 



A block copolymer (A) comprising a vinyl aromatic hydrocarbon and a conjugated diene, wherein the relation of 
the loss tangent value obtained by dynamic viscoelastlcity measurement to the temperature satisfies the following 

conditions: 



55 (1 ) there Is at least one maximum value within a temperature range of from 60 to 110®G, 

(2) the value of loss tangent at a temperature lower by lO^'C than the lowest temperature for the maximum 
value is at most 40% of the highest maximum value, and 

(3) the value of loss tangent at a temperature lower by 30^C than the lowest temperature is at most 10% of 
the highest maximum value. 

40 

2. The block copolymer (A) according to Claim 1 , wherein in the relation of the loss tangent value obtained by dynamic 
viscoelastrclty measurement to the temperature, there is at least one maximum value within a temperature range 
of from 65 to lOO'^C, and the conditions (2) and (3) as defined in Claim 1 are satisfied. 

45 3. The block copolymer (A) according to Claim 1 , wherein in the relation of the loss tangent value obtained by dynamic 
viscoelastlcity measurement to the temperature, the highest maximum value of loss tangent within a temperature 
range of from 60 to 110**C is within a range of from 0.5 to 4.0, and the loss tangent value at 30*'C Is within a range 
of at least 0.01 and less than 0.4. 



4. The block copolymer (A) according to Claim 1 , wherein the molecular structure is represented by the following 
formula, its weight average molecular weight is from 100,000 to 300,000, and the following conditions (a) to (c) 
are satisfied: 



X-(Y-X)n 

55 

wherein n Is an integer of at least 1 : 



51 




EP 1 333 043 A1 



(a) X is a block having a chain comprising one type or at least two types of vinyl aromatic hydrocarbons, 

(b) Y is a block containing at least one random copolymer segment of a conjugated diene and a vinyl aromatic 
hydrocarbon, each being of one type or at least two types, having a weight average molecular weight of from 
40,000 to 250,000, and 

5 (c) when a molecular weight distribution of a polymer mixture comprising a vinyl aromatic hydrocarbon obtained 

by ozonolysis of the block copolymer is measured, the relation between the weight average molecular weight 
(Mw*) of the polymer component showing the highest peak and the weight average molecular weight (Mw) of 
the block copolymer before the treatment is 0.1^Mw7Mw^0.4. 

A block copolymer composition containing at least two types of the different block copolymers (A) which satisfy 
the conditions as defined in Claim 1 . 

A block copolymer composition containing at least two types of the different block copolymers (A) which satisfy 
the conditions as defined in Claim 1 , wherein the relation of the loss tangent value obtained by dynamic vlscoe- 
lasticlty measurement of the composition to the temperature satisfies conditions (1 ) there is at least one maximum 
value within a temperature range of from 60 to 1 1 0**C. (2) the value of loss tangent at a temperature lower by 1 0°C 
than the lowest temperature for the maximum value is at most 40% of the highest maximum value, and (3) the 
value of loss tangent at a temperature lower by 30°C than the lowest temperature is at most 10% of the highest 
maximum value. 

A block copolymer composition containing at least two types of the different block copolymers (A) which satisfy 
the conditions as defined in Claim 4, wherein the relation of the loss tangent value obtained by dynamic viscoe- 
lastlclty measurement to the temperature satisfies conditions (1) there is at least one maximum value within a 
temperature range of from 60 to IIO^'C, (2) the value of loss tangent at a temperature lower by ^0'*C than the 
lowest temperature for the maximum value is at most 40% of the highest maximum value, and (3) the value of loss 
tangent at a temperature lower by SO^C than the lowest temperature is at most 1 0% of the highest maximum value. 

A block copolymer composition containing the block copolymer (A) as defined in Claim 1 and a vinyl aromatic 
hydrocarbon polymer containing at least one member selected from the following polymers (B1 ) to (B3): 

(B1 ) a vinyl aromatic hydrocarbon polymer, 

(B2) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A)), 

(B3) a rubber-modified transparent resin which Is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 
23''C, and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 
23^C, wherein the copolymer (a) f omis a continuous phase and the rubber-like elastic body (b) fomis a disperse 
phase, and the weight ratio Is (a)/{b):=60/40 to 97/3. 

A block copolymer composition containing the block copolymer (A) as defined in Claim 1 and a vinyl aromatic 
hydrocarbon polymer containing at least one member selected from the following polymers (B1 ) to (B3), wherein 
the relation of the loss tangent value obtained by dynamic viscoelasticlty measurement of the composition to the 
temperature satisfies the conditions (1) to (3) as defined in Claim 1: 

45 (81 ) a vinyl aromatic hydrocarbon polymer, 

(B2) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A)), 

(83) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 
50 23**C, and a rubber-like elastic body (b) having a refractive Index of from 1 .535 to 1 .550 at a temperature of 

23*'C, wherein the copolymer (a) f onns a continuous phase and the rubber-like elastic body (b) forms a disperse 
phase, and the weight ratio Is (a)/(b)=60/40 to 97/3. 

10. A block copolymer composition comprising a composition of the block copolymer (A) as defined in Claim 1 and 
55 the following block copolymer {A2) in a compositional ratio by weight of 0.1^A/(A+A2)^o.95: 

the block copolymer {A2) is a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene, 



10 5. 
6. 

15 
20 

7. 
8. 

30 
35 

40 9. 



10 



EP 1 333 043 A1 

wherein In the relation of the loss tangent value obtained by dynamic viscoelastictty measurement to the temper- 
ature, there is at least one maximum value within a temperature range of from 63 to 1 20**C, and the lowest tem- 
perature for the maximum value of the loss tangent value within said range is higher by at least S^'C than the lowest 
temperature for the maximum value of the loss tangent value of the block copolymer (A). 

11. A block copolymer composition comprising a composition of the block copolymer (A) as defined In Claim 1 and 
the following block copolymer (A2) in a compositional ratio by weight of 0.1^A/(A+A2)so.95. 
wherein the relation of the loss tangent value obtained by dynamb viscoelasticity measurement of the composition 
to the temperature satisfies the conditions (1 ) to (3) as defined in Claim 1 : 

the block copolymer (A2) is a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene, 



wherein in the relation of the toss tangent value obtained by dynamic viscoelasticity measurement to the temper- 
ature, there is at least one maximum value within a temperature range of from 63 to 120'*C, and the lowest tern- 
's perature for the maximum value of the loss tangent value within said range is higher by at least Z'^C than the lowest 
temperature for the maximum value of the loss tangent value of the block copolymer (A). 

12. A block copolyhier composition containing the block copolymer composition as defined in Claim 10 and at least 
one vinyl aromatic hydrocarbon polymer selected from the following polymers (B1 ) to (B3) In an amount of at most 

so 1 00 parts by weight based on 1 00 parts by weight of the block copolymer composition as defined in Claim 1 0: 

(B1) a vinyl aromatic hydrocarbon polymer, 

(B2) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A) and the block copolymer (A2)), 

(83) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 
23^*0, and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 
23*»C, wherein the copolymer (a) fonns a continuous phase and the rubber-like elastlcbody (b) fomns a disperse 
phase, and the weight ratio is (a)/(b)=60/40 to 97/3. 

13. A block copolymer composition containing the block copolymer composition as defined tn Claim 10 and at least 
one vinyl aromatic hydrocarbon polymer selected from the following polymers (81) to (B3) In an amount of at most 
100 parts by weight based on 100 parts by weight of the block copolymer composition as defined in Claim 10, 
wherein the relation of the loss tangent value obtained by dynamic viscoelasticity measurement of the composition 

55 to the temperature satisfies conditions (1 ) there is at least one maximum value within a temperature range of from 

60 to 110*'C, (2) the value of loss tangent at a temperature lower by lO^'C than the lowest temperature for the 
maximum value is at most 40% of the highest maximum value, and (3) the value of loss tangent at a temperature 
lower by 30^C than the lowest temperature is at most 10% of the highest maximum value: 



25 



30 



40 (81 ) a vinyl aromatic hydrocarbon polymer, 

(82) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A) and the block copolymer (A2)), 

(83) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 

45 23** C, and a rubber- like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 

23°C, wherein the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) fonns a disperse 
phase, and the weight ratio is (a)/(b)-60/40 to 97/3. 



14. A block copolymer composition comprising the block copolymer (A) comprising a vinyl aromatic hydrocarbon and 
50 a conjugated diene as defined in Claim 1 and having a weight average molecular weight Mwl within a range of 

1 00,OOO^Mw1 ^300,000, and a block copolymer (A3) comprising a vinyl aromatic hydrocarbon and a conjugated 
diene and having a weight average molecular weight Mw2 in relation to Mw1 within a range of 
0.1 ^Mw2/Mw1 ^0.85, wherein the compositional ratio by weight of (A) to (A3) is within a range of 0.1<A/(A+A3) 
<0.9. 

55 

15. A block copolymer composition comprising the block copolymer (A) comprising a vinyl aromatic hydrocarbon and 
a conjugated diene as defined In Claim 1 and having a weight average molecular weight Mw1 within a range of 
100,OOO^Mw1 ^300,000, and a block copolymer (A3) comprising a vinyl aromatb hydrocarbon and a conjugated 
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diene and having a weight average molecular weight Mw2 in relation to Mw1 within a range of 
0.1 ^Mw2/Mw1 ^0.85, wherein the compositional ratio by weight of (A) to (A3) is within a range of 0.1<A/(A+A3) 
<0.9, and wherein the relation of the loss tangent value obtained by dynamic viscoelasticity measurement of the 
composition to the temperature satisfies conditions (1) there is at least one maximum value within a temperature 
5 range of from 60 to 11 0°C, (2) the value of loss tangent at a temperature lower by 1 0*C than the lowest temperature 

for the maximum value is at most 40% of the highest maximum value, and (3) the value of loss tangent at a 
temperature lower by 30*^0 than the lowest temperature is at most 10% of the highest maximum value. 

16. A block copolymer composition containing the block copolymer composition as defined in Claim 14 and a vinyl 
10 aromatic hydrocarbon polymer containing at lest one of the following (B1) to (B3) in an amount of at most 100 

parts by weight based on 100 parts by weight of the block copolymer composition as defined in Claim 14: 

(B1) a vinyl aromatic hydrocarbon polymer, 

(B2) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 

15 (A) and the block copolymer (A3)), 

(83) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrylate and having a refractive index of from 1.550 to 1,580 at a temperature of 
23°C. and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 
23*'C, wherein the copolymer (a) fomns a continuous phase and the rubber-like elastic body (b) fomns a disperse 

20 phase, and the weight ratio is (a)/(b)=60/40 to 97/3. 

17. A block copolymer composition containing the block copolymer composition as defined In Claim 14 and a vinyl 
aromatic hydrocarbon polymer containing at least one of the following (81 ) to (83) in an amount of at most 100 
parts by weight based on 1 00 parts by weight of the block copolymer composition as defined in Claim 1 4, wherein 

S5 the relation of the loss tangent value obtained by dynamic viscoelasticity measurement of the composition to the 

temperature satisfies conditions (1) there is at least one maximum value within a temperature range of from 60 to 
1 1 0°C, (2) the value of loss tangent at a temperature lower by 1 0'^C than the lowest temperature for the maximum 
value is at most 40% of the highest maximum value, and (3) the value of loss tangent at a temperature lower by 
30*'C than the lowest temperature is at most 1 0% of the highest maximum value: 

30 

(81) a vinyl aromatic hydrocarbon polymer, 

(82) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A) and the block copolymer (A3)), 

(83) a mbber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
35 hydrocart^on and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 

23'*C, and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 
23*»C, wherein the copolymer (A) fonns a continuous phase and the rubber-like elastic body (b) forms a dis- 
perse phase, and the weight ratio is (a)/(b)=60/40 to 97/3. 

40 1 8. A film or sheet made of the block copolymer or the copolymer composition as defined In any one of Claims 1 to 1 7. 

19. A heat shrinkable film made of the block copolymer or the block copolymer composition as defined In any one of 
Claims 1 to 17. 

45 20. A heat shrinkable film obtained by orienting the film or sheet as defined in Claim 18. 

21 . A multilayer film or multilayer sheet having at least one layer made of the block copolymer or the copolymer com- 
position as defined in any one of Claims 1 to 1 7. 

so 22. A heat shrinkable multilayer film employing the block copolymer or the block copolymer composition as defined in 
any one of Claims 1 to 17 for at lest one layer. 

23. A heat shrinkable multilayer film obtained by orienting the multilayer film or multilayer sheet as defined in Claim 21 . 

55 24. A multilayer film or multilayer sheet having a layer containing the block copolymer (A) as defined in Claim 1 or the 
composition containing the different block copolymers (A) as defined in Claim 5, as a surface layer, and a layer 
formed by a vinyl aromatic hydrocariDon polymer containing at least one member selected from the following pol- 
ymers (81) to (83), as a layer other than the surface layer: 
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(B1) a vinyl aromatic hydrocarbon polymer, 

(62) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A)), 

(63) a njbber-modified transparent resin whk:h Is a composition of a copolymer (a) comprising a vinyl aromatic 
5 hydrocarbon and a (meth)acrylate and having a refractive index of from 1 .550 to 1 .580 at a temperature of 

23*'C, and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 
23''C, wherein the copolymer (a) f omns a conti nuous phase and the rubber-like elastic body (b) f omis a disperse 
phase, and the weight ratio Is (a)/(b)=60/40 to 97/3. 

10 25. A multilayer film or multilayer sheet having a layer fonmed by a vinyl aromatic hydrocarbon polymer containing at 
least one member selected from the following polymers (61) to (63), as a surface layer, and a layer containing the 
block copolymer (A) as defined in Claim 1 or the composition containing the different block copolymers (A) as 
defined In Claim 5, as a layer other than the surface layer: 

15 (B1 ) a vinyl aromatic hydrocarbon polymer, 

(62) a block copolymer of a vinyl aromatic hydrocarbon and a conjugated diene (excluding the block copolymer 
(A)). 

(63) a rubber-modified transparent resin whteh is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acrytate and having a refractive index of from 1.550 to 1.580 at a temperature of 

20 23° C, and a rubber- 1 ike elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 

23°C, wherein the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) forms a disperse 
phase, and the weight ratio Is (a)/(b)=60/40 to 97/3. 

26. A heat shrinkable multilayer film obtained by orienting the multilayer film or multilayer sheet as defined in Claim 24. 

25 

27. A heat shrinkable multilayer film obtained by orienting the multilayer film or multilayer sheet as defined in Claim 25, 

28. A multilayer film or multilayer sheet having at least one layer obtained by mixing 1 00 parts by weight of a composition 
composed mainly of a block copolymer (A), with at most 50 parts by weight (0 part by weight not included) of a 

30 resin mixture forming the multilayer film or multilayer sheet and/or the heat shrinkable multilayer film as defined in 

Claims 21 to 27, said block copolymer (A) comprising a vinyl aromatic hydrocartjon and a conjugated diene, and 
having a relation of the loss tangent value obtained by dynamic viscoelasticlty measurement to the temperature 
which satisfies the following conditions (1) to (3): 

35 (1) there is at least one maximum value within a temperature range of from 60 to 11 0**C, 

(2) the value of loss tangent at a temperature lower by 10*C than the lowest temperature for the maximum 
value is at most 40% of the highest maximum value, and 

(3) the value of loss tangent at a temperature lower by 30*'C than the lowest temperature is at most 10% of 
the highest maximum value. 

40 

29. A multilayer film or multilayersheet obtained by mixing 1 00 parts by weight of a vinyl aromatte hydrocariDon polymer 
containing at least one member selected from the following polymers (61) to (63) with at most 50 parts by weight 
(0 pari by weight not included) of a resin mixture forming the multilayer film or multilayer sheet and/or the heat 
shrinkable multilayer film as defined In Claims 21 to 27: 

45 

(61) a vinyl aromatic hydrocarbon polymer, 

(62) a block copolymer of a vinyl aromatic hydrocartDon and a conjugated diene, 

(63) a rubber-modified transparent resin which is a composition of a copolymer (a) comprising a vinyl aromatic 
hydrocarbon and a (meth)acry}ate and having a refractive index of from 1.550 to 1.580 at a temperature of 

50 23*'C, and a rubber-like elastic body (b) having a refractive index of from 1 .535 to 1 .550 at a temperature of 

23*'C, wherein the copolymer (a) forms a continuous phase and the rubber-like elastic body (b) forms a disperse 
phase, and the weight ratio is (a)/(b)=60/40 to 97/3. 

30. A heat shrinkable multilayer film obtained by orienting the multilayer film or multilayer sheet as defined In Claim 28. 

55 

31. A heat shrinkable multilayer film obtained by orienting the multilayer film or multilayer sheet as defined in Claim 29. 

32. A method for producing the block copolymer (A) as defined in any one of Claims 1 to 4, which comprises a step 
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of adding a vinyl aromatic hydrocarbon and/or a conjugated diene as a monomer as mixed or separately, simul- 
taneously, and intermittently or continuously, to the reaction system so that the feed rate of the monomer is sub- 
stantially lower than the polymerization reaction rate, to polymerize the random copolymer segment, in anionic 
polymerization employing an organic lithium compound as the polymerization Initiator in an organic solvent. 

33. A method for producing the block copolymer (A) as defined in any one of Claims 1 to 4, which comprises a step 
of adding a vinyl aromatic hydrocarbon and/or a conjugated diene as a monomer as mixed or separately, simul- 
taneously, and Intennittently or continuously, in the presence of a randomizing agent to polymerize the random 
copolymer segment, in anionic polymerization employing an organic lithium compound as the polymerization ini- 
tiator in an organic solvent. 
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